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FOREWORD

This report, entitled "Computer Program for the Calculation of Three-

Dimensional Configuration Factors," LR 18905, was prepared by the Lockheed-

California Company under NASA Contract NAS 9-3349Q, The Configuration Factor

Program utilized under this contract was originally developsd by Lockheed in

1963.
Other reports prepared under this contract arec:
LR 18899 A Transient Heat Transfer and Thermodynamic Analysis
of the Apollo Service Module Propulsion System -
Final Report
LR'189OO A Transient Heat Transfer and Thermodynamic Analysis
_ of the Apollo Service Module Propulsion System -
(ﬁ) Summary Report :
= LR 18901 An Introduction to Spacecraft Thermal Control
LR 18902 Thermal Analyzer Computer Program for the Solution
of General Heat Transfer Problems
LR 18903 Thermal Analyzer Computer Program for the Solution of
Fluid Storage and Pressurization Problems
LR 18904 Computer Program for the Calculation of Incident

Orbital Radiant Heat Flux

This report was originally written as IR 16657 by Mr. E. R. Linnemen

of Lockheed's Thermodynamics Department, who developed the logic of the program.
The programming was done by Mr. L. H. Michel of Lockheed's Computing Services
Department.  The present report was revised and updated by Messrs. H. R. Holmes,

K. J. Kahn, and B. A. Nevelli, also of the Lockheed-California Company.
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SUMMARY

A computer program has been developed by the Lockheed-California

Company for the computation of radiation configuration factors.

The principal

features of the program are:

1.

It is designed to include the effects of interference by inter-
mediate surfaces.

It will handle planes, spheres, ellipsoids, elliptic cones, ellip-
& 5 ) ; 5 = 3
tic paraboloids, elliptic cylinders arabolic cylinders, hyper-
> & J v 2
bolic cylinders, hyperboloids of one or two sheets, hyperbolic
pareboloids, and cylinders composed of two paraliel or two inter-
secting planes, in any combination as either surfaces or boundary
surfaces.

It is also designed to offer a high degree of flexibility in the
number of surfzces and boundaries, in the methods of specifying
these surfaces in the program input, in the cowmputations per-
forwed, and in the trade-off between computing time and accuracy.

The use of this program is described in detail and is illustrated by

several example problems.

The program is written as a FORTRAN IV overlay pro-

gram for the IBM 709k, with modular subroutine construction with two links,

which provides for the finest possible grid size consistent with core size and

efficient vrogram opsration.
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I - INTRODUCTION

The computation of the radiation heat transfer between an area Al of
surface Sl and an area Ae of surface 32 requires'a geometric configuration or
. shape factor, Fl x This shape factor is defined for the standard geometry
)

Figure 1-1 by equation (l—l), below:

. 1 cos cbl cos ¢, i an ' (1-1)
1,27 A 2 e B

The purpose of developing the present computer program is to allow computation
() of’ both point-to-surface and surface-to-surface shape factors, including the

effects of shading by interfering suvrfaces.

By using modern digital computers, such as the IBM 70914, a numerical
integration of equetion (1-1) over the areas Al and A2 can be obtained, provided
that the surface equations, and therefore the integrand, ars known. Given spec-
ified types of surface equations such as linear, quadric, trigcnometric, exponen-
tial, etc., a program defining the integrand of equation »(l~l) in terms of the

‘ surface equations can be written. For the ILockheed-Califcrnia Company computer
program, it was assumed that all surfaces would be quadric surfzces, that is,

surfaces defined by equations of the form given by equation (1-2).

AxE + By2 + 022 + Dxy + Exz + Fyz + Gx + Hy + Iz + J = O (1-2)

It was also assumed that all interfering surfaces would be quadric surfaces.

This assumption gives eleven different surface types:

&

LOCKHEED 1-1
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One plane

o

Two. parallel or intersecting planes

Elliptic cylinders

Parabolic cylinders

Hyperbolic cylinders

Elliptic cones

Ellipsoids

Elliptic paraboloids

O O O »n1 &= W

.

Hyperboloids of one sheet

o
©

Hyperboloids of two sheets
11l. Hyperbolic paraboloids

Since a circle is a special case of an ellipse, the list includes spheres, right
circular cones, and right circular cylinders, as well as the surfaces obtained

curve.

@

by rotating ellipses, paraboloids or hyperbolcids around an axis of th

Thus, 121 different pairs of distinct arbitrarily oriented surface types are

available. Each of these surfaces can be given any boundary which can be delinc]
{f, by a series of segments, each of which is the intersection of the bouanded surlac:

} with a guadric surface called the boundary surface. »

Under these assumptions, the configuration factor program has been
developed. The input routine will compute surface and boundary surface equations
from a minimum of input data, thus facilitating the program input. The basic
program is designed to solve equation (l—l) for the shape factor with or withont
interference, plus the areas of any given surface. A nodification of this pro-
gram permits the computation of an area weighting factor. This factor is
defined as the percent of the total areca of surface S_ which is visible from

2
‘ an average point on surface Sl'

. LOCKHEED 1-3
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; II - PROGRAM DESCRIFTION AND CAPABILITTES

The program is written 'as a FORTRAN IV overlay program for the IBM

! .

H TO9h, with modular subroutine construction with two links, which provides for
. the finest possible grid size consistent with core size and efficient program

operation.

: LINK 1

Link 1 consists of input and grid point computation routines, and rou-
1 .
i tincs to find the quadric equation where necessary. PBecause the input for a

large number of surfaces necessarily involves something

o]

f a bookkeeping prob-

lem, diagnostic routines have also been included. Up to 100 surfaces can be
handled in one run.
Inputs may take the form of coefficients of the quedric eguation (1—2),

a set of points over the surface, coefficients of the equation of a simpler
surface such as a plane or sphere, or as poinis on a simpler surface. Every open
primary surface must bs bounded by a bauﬁdary surface which is defined in &
similar fashion. Using these data, the input routine chooées the set of equa-
tions which match the input format of each surfsce and boundary surface, and
solves these equations Tor the coefficients of the quadric equation of the

surface. This procedure is described in Appendix A. These coefficients are
‘stured on tape for future reference. With these equations, the program can

solve equation (1-1) for the reguired shape factors.

The program computes a set of grid points on the surface, given the

dependent and two independent coordinates. If two independent coordinates of

a grid point on a surface are given, eaquation (1-2) reduces to a quadratic

equation in the devecndent coordiﬁate of the grid ﬁoint. For example, if the

independent coordinates X and yo of a grid pcint are given, the dependent

coordinate z can be computed by solving equation (?—l).

LOCKHEED : 2-1
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C72+(Ex + Fy J-I)z+ (AX2+By2+DKy + Gx +Ky +J) =0 (c-)
i o o) o} o) oo .o ; o) )

Similar equations are used if x or y are the dependent;variables. The pro;ru:
uses a standard grid pattern to obtain the independent.coordinates of the grii
points. The dependent coordinate, the minimum and maiimum values of each ing -
pendent coordinate, and the number of grid points in one direction must be
specified in the input. '

The coordinates of the surface grid points, along with the previously
computed coefficients of the surface and boundary equations, are stored on
tape. This tape may be reserved from one run to the next so that once com-

puted, the surface points may be used any number of times without recomputali- :.

LINK 2

Link 2 performs thc actual integretion, selecting surfaces from Lhe
reserve tape as called for by the input. Not all surfaces on the tape nced b .
used, but any surface for which a shape factor is requested must be on the
tape.

Interference by any surface may be checked. If the surface named dc:x
in fact interfere, the shape factor will be modified accordingly. A major .o
of the interference roﬁtine is that it requires only the equation of the int. -
fering surface and its boundaries, thus rgducing the core storage requiraomontc.

For any pair of grid points, Pl = (xl, yl, Zl) on surface Sl Gafine !
by the quadric eguatinn 01 (x, ¥y, z) = 0, and P2= (Xg’ Yoo 22) on surface Su
given by Gg(x, y, z) = O, the integrand [equation (2-2 | of equation (1-1) e

be computed.

c0s Py °®Po aa an, (2-2)
2 .

s
" The detailed derivation of the computer solution is given in Appendix B.
Briefly, the procedure is as follows:

The integrand is civen a numerical value for each pair of grid point .

P (xl, Yy Zl) on area A, of surface 5., and P, (XQ’ Yoo ZQ) ou e

— LOCKHEED 2-2
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{ ) A2 of surface SQ. With this information, the program performs a
numerical integration over the area A2 and then over the area Al'
The area Al is computed by a numerical integration of the quantities
iAl over the area Al, and the shape factor is computed by equation
(1-1). The program output gives the product of the area times the
shape factor (A F ), the area on surface Sl(Al>’ and the shape

1°1,2
factor (Fl,Q)'

The computation of the effects of shading is accomplished by means
. of a subroutine which‘ operates during the computation of the integrand
of eduation (lul). Before finding the integrand for a pair of grid
points Pl on surface Sl and P2 on surface SE’ the subroutine finds the
points in which the straight line through Pl and P2 intersects the
shading surface. The points of intersection, if ‘they exist, are then
checked for location. If the line segment between Pl and P2 inter-
sects the shading surface within its boundaries, the integrand is set
equal to zero. If there are no points of intersection between Pl
(:3 and P2 within the boundaries of the shading surface, the integrand is

computed.

The machine timz required to run this program depends largely upon the selected
grid size and the number of interference surfaces. In general, the time for
onc shape factor computation ranges from 0.5 minutes to 2.0 minutes when run

on the IBM 709L.

LOCKHEED 2-3
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JIT - PROBL&EM SHET-UP

The basic program is designed Lo compute surface areas, surface-to-
surface shape factors with or without shading, and point-to-surface shape
factors with or without shading. Since the user maey nol have the equations of
all surfaces and boundary surfaces, a rouline has been provided to compute
surface and boundary surface equations from & variely of input information.
The progrem will automailically compuie and print the eguation of each surface
and each boundary surface. All the surfacc area and sha
including the computation and storage of grid pointe for them, must be
requested in the control section of the input.

The input for each quadric surface depends on how the surface is to be
used. If the surface is to be used only as a shading surface and/or as the
bace of a point for the point-to-surfsce shape Tactor, surfece and boundary
equations, the side index, and the dependent variable are reguired. If the
area of the surface is to be -computed, or if the area is to be used in a shape

factor computation, additional input is required. Thie includes a set of

Jimite on the indspendernt varisbles plue the musber ¢f grid points to be used

[

Fel

so that a system of grid points can be defined on the surface.

The input for each problem is initiated by the selection of a general
coordinate system. A1l equations, veriables and other specifications are-then
referenced to these coordinates for the completion of that prcblem's input.

A detailed description of these inpute follows.

SURFACE PARTITIONING AND SELECTION OF VARTABLES

For most practical engineerihg problems, the aécuracy of the results
depends largely on a technique called surface partitioning. Due to storage

limitations, a single surface is divided into a finite grid size before numer-
ical integretion of equation (1-1) proceeds. Thie divicion is accomplished by

a rectsngular pattern of grid points projected onto the surface. Certain

LOCKHEED . 3-1
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surface orientations may therefore give distorted gridé which may adversely ;
affect the accuracy of the integretion. To eliminatg ﬁhis problem, the uger
merely divides or partitions each surféce into individual smaller surfaceg
which are then treated as separate cases by the program.

There are two fundamental reasons for surface partitioning. The first

of these involves the

w0

election of surface variables. TFor each surface input -
the user must specify the dependent variable. The dependent variable is de-
fined as'that axis of a selected fundamental coordinate system which is to be
used in projecting a grid pattern on the surface in question. The two inde-
pendent variables then define & plane in which the actusl grid is constructed.
Best accuracy therefore is obtained when +this plane is most nearly parallel to
the surface used. When closed or semi-closed surfaces are involvsd, no single
axis of the chosed coordinato system will be close to perpendicular to the

surface at all points and therefore serve

o

S proper choice of the dependent
variable. Tt is ecssential in these cases that the surface be partitioned - i
the extent of which depends on the time allotted for the solution. The angle
between the dependent varisble axis and eny surface element must never be zZero,
nor should it be tlosz to zero. TIf the angle is close to zero, erronsous o R
shape factors may result,

The second purpose of partitioning is to allow finer grid patterns to
be constructed. As the distance between adjacent grid points on any surface
approaches the distance between the surraces, computational gccuracy drops
considerably. Due to storaze timitations, this is alleviasteg only by surface
subdivision which reduces proportionally the grid point separation.

Once it has been decided what partitioning is requiréd on a surface,
boundary surfaces must be found which will subdivide the surface as selected.
These are usually plares, or sects of planes, but may be any quadric surface.
Examples of partitioning a cylinder and a pair of intersecting planes show
typically how this is accomplished. Cylinders are divided by at least two
planes, mutually perpendicular and intersecting along the axis of the cylinder.
These are situated so that the chosen dependent variables intersect the
resulting quadrants at their ceaterlines. Thus nowhere is the surface at an
angle greater than 45° to the dependent variable. Two intersecting planes arc

partitioned for a different reason. For points on one plane near the

-
VAREEN
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intersection line, distences to many grid points on the opposite planc will
usually be small compared with grid point separations. This can only be
eliminated by partitioning each plane into reasonably small rectangles —
thereby reducing grid separations. Additional and more complete explanstions
of partitioning are included in Section VI, Example Problems.

Following this partitioning, the dependent variable to be used with
each subsurface is identified with that surface. The third task involves the
independent variables. For each of these variables the maximum and minimum
values obtained on the surface are included in the input. These valucs define
a rectangle in the plane o the independent variables bounded by their respec-
tiﬁe maximums and minimums. The prograﬂ divides fhis rectangle into (GS)2
equal subrectangles, where GS, the number of grid points, is specified as
described below. The centers of the rectangles sre then projected onto the
surface, and those which fall on il are incliuded io lhe iri’Lt—:gra‘Lion over lhe
surface. ‘

The necessity for surface partitioning in most engineering applications

cannot be overemphasized. If unreasonsble results are obtained for a shape

factor, surface partitioning is either incorrect.or insufficient in nesrliy all
cases.

GRID SIZE

Each surface that reguires an integration slso reguives an input to
describe the size of grid to be projected onto it. This input is termed the
grid size (avbreviated GS), and is equivalent to the number of subdivisions
between the maxirmum and minimum values of each independent variable. The
maximun allowable value of GS is determined solely by computer storage require-
ments. It may have either of twd maximum velues, depending on the type of
surface. For example, two grid points (one on top and one on the bottom) will
be computed for a sphere, while only one grid point will be computed on a plane
for each set of independent coordinates. An elliptic paraboloid, a hyperbolic
paraboloid, or a parabolic cylinder may be oriented so that the sxes of the
parabolic cross-sections (in the case of the cylinder, the cross-sections per-
pendicular to the elements) are parallel to a coordinate axis. If so, these

surfaces will only have one grid point per set of independent coordinsles and

3-3
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a maximum GS of 28 may be used. Tor all other curved surfaces or surfgccg
consisting of two planes, a maximum GS of 20 is used.

Yor many cases, such as a view factor to a-simply shaped surface at
distance from the source, a GS less than the maximum should be used to save
computer time. The max imum error is minimized however when the maximum
allowable GS is used. R

Note that computer time for the shape factor computation varies as th
product Gs(1) x gs(2) 2, where GS(1) is the value of GS on the first surface
and GS(2) is the value of GS on the second surface. Thus doubling GS on both
surfaces increases computer time by a factor of 16. See exsmple problem no.

for a specific comparison of grid size, accurac and computer time.
J b

SIDE INDEX

ired

a

The Side Index is an input flag vhich specifies the reg

ac of

&
0}
mn
1t

any surface in question. The two sides of a surface are defined as positive
and ﬁegative, the positive side being that one which faces a predetermined
reference point for that surface. .

The reference point method of side identification is based on the Tac

that no quadric surface can contain all of the points:

1. (0, 0, 0) 6. (0, -1, 0)
2. (1, 0, 0) 7. (0, 0, -1)
3. (0, 1, 0) . 8. (1, 1, 0)
4. (0, 0, 1) ' 9. (1, o, i)
5. (-1, 0, 0) -10. (0, 1, 1)

For each surface, the program tests these points in order. The first of thes
points which does not lie on the surface is defined as the surfacs reference

point. The positive side of a surface (side index 1.0) is defined as that

_side which faces the reference point while the other sids is called the

negative side (side index -1.0). 1In order to input the required side index

(+1.0 or -1.0), the user must independently determine the surface referencs

point.

LOCKHEED 3-k
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SURFACE INPUT SPECIFICATION

s
7
I

This program is based on the assumption that each SUdeCG and boundary

can bc described by equation (3-1).
Ax™ + By + ng + Dxy + Exz + Fyz + Gx + Hy + Iz + J = O (3-1)

Each surface is identified with equation (3-1) by any one of ten methods or
formats, designated by separate input flags. The ten surface input specifica-

tions, the required data, and the surfaces which can be described by each

" o

format are summarized in Table 3-1. The data reqguir for each of the formats,
Flags O throuzh 7, are illustrated in Figures 3-1 through 3-8. The po
labeled P represent points which will define a unique surface, while the points
labeled Q represent an improper choice of points which will fail to define a
unigque quadric surface. .

If the user has or can readily obtain the equation of the surface,
the easie:t and most accurate way to describe & surfa

the most commoan way to descrive arny surface, and shoul

"

c
Flag -1 and give the ten-coefiicients A through Jd of the eguation. This is
1

D

cases.

If the equation is not easily obtainable or if a non-gquadric surface
must be approximated by a series of quadric surfaces, the input will depend on
the type of surface and the informetion available to the program user. Eight

(5

different input ~mats are available with specisl ones for plsnes, spheres,

gy

O

I

-

cylinders and quadrics of revolution, as well as a general method which will

handle any surface except a plane. In general, the lower numbered fla
least likely to result in errors (excepting Flag 8).

The first special formnat (Flag O) 1s the only way, other than by the
equation,'to input a plane. This format requires three points on the plane
which are not on a straight line. ‘

. There are two special formats for the sphere. The first (Flag 1)
requires the coordinates of the center and the length of the radius. The
second (Flag 2) requires the coordinates of four points on the sphere which

are not all in the sazme plane.

LOCKHEED 3-5
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A) FLAG =0
PLANE: ANY 3 NON-COLINEAR SURFACE POINTS
® P1s Por Py = WILL DEFINE SURFACE

Ql' Q2, 0‘3 - WILL NOT-DEFINE SURFACE

(“) . Figure 3-1. Surface Input - Plane
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TABLE 3-1

SURFACE INPUT SPECIFICATION

¥lag Surface Descriptiocn

Required Input Data

Quadric surface
Plane (Fig. 3-1)

1 Sphere (Fig. 3-2)

2 Sphere (Fig. 3-3)

3 Right circ
(Fig. 3-k4)

circuler cylinder

L Right
‘ 3-5)

(Fig.

5 Quadric cylinder
(Fig. 3-6)

6 Quadric of revolution

(Fig. 3-T)

General quadric surface
3 Y
(Fig. 3-8)
8 Different side or sec-
tion of preceding
surface

The 10 coefficients of the surface
equation

3 non-colinear surface points
(P, 1= 1,2,3)

Center (Pk) and redius (R)
urfac
= 1, ceees B)

n) of an element
1,2,3), each on

Direction numbers (l:m:
plus 3 points (P s 1=
a different element

n) of an element
1, +ess5 5), each

Direction numbers (Ll:im:
plus 5 points (Pi’ i=
on a different element

2 axis points (PO & B ) plus 3 surface

points (P , i=1,2,3), each on a dif-
ferent CTOCS‘QLCL¢CD perpendicular to
the axis

sy

urfece points (Pi’ i=1,

Surface number of the preceding surface.
The program will use the equation of the
indicated surface.

LOCKHEED
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B) FLAG = 1
SPHERE: CENTER P] AND RADIUS R

IR 18905

Figure 3-2. Surface Input - Sphere #1

C) FLAG = 2
 SPHERE: ANY 4 NON-COVLANAR SURFACE POINTS

Py - P, WILL DEFINE THE SPHERE

Q, - Q, WILL NOT DEFINE THE SPHERE

S —

Figure 3-3. Surface Input - Sphere #2
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DIRECTION NUMBERS OF AN
ELEMENT ARE:

=d=~a
M=e¢-b
N=Ff~c¢

ELEMENTS

F) FLAG =5

QUADRIC CYLINDER: DIRECTION NUMRERS OF AN ELEMENT PLUS
5 SURFACE POINTS EACH ON A DIFFERENT ELEMENT

L, M, N + P] —Ps WILL DEFINE THE SURFACE

L, M, N + Q1 -Q5 WILL NOT DEFINE THE SURFACE

)

Figure 3-6. Surface Input - Quadric Cylinder
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The progrem includes three formats for quadric cy71ndpr* The Tirst

) two are for right circular cylinders only. The first (Fla 3) requires two
points on the axis of the cylinder plus the radius, wvhile the second (Flag L)
requires the direction numbers of an element of the Cyllnder plus three surfacc
points, no two of which are on the same element. The third cylinder input
(Flag 5) is for any arbitrary quadric cylinder. It requires the direction
numbers of an element plus five surface points, no two of which are on the
] same element. In general, any cylinder can be defined as the collection of
‘I' .

all the parallel straight lines satisfying some specified condition. Using

CQ

this definition of a cylinder, an element of the cylinder will mean any of

3 these straight lineés. The direction nwibers (1; m; n) of an element can be

obtained by taking any two points P(xl, yl,'zl) and Q (Xg, Voo 22) on the same

element, then 1 = XE Xy M=y, - Yy end n = z, - Zq

:é The last of lhe special input formats (¥Flaz 6) iz for a guadric of
)
} revolution other than a plane. This includes spheres, right circular cones,

cylinders, elliesolds, paraboloids, and hyperboloids ol revolution. The

required input is two axis points and three points on the surface with no two
of the surface poirnts on the gane cross‘section perpendicular to the axis.

Note that in the special case vhere the conic crosses the axis {i.e. all but the
cylinders and hyperboloids of 1 sheel), the vertices may be used as surface
points. Hence, the vertices can te used as bolh axiz and a surface pownta

f'or these surfaces.

The general gqual’ric inputl (F]ag 7) requires nine surface polints. Thesc

points must be so located thet there will be only one quadric surface which

‘ contains thewn. The best way of achieving this is to choose points which are
- wniformly distributed over the area of intercst. It is essential that nc morc
o than five points lie in any one plane (a maximum of four is preferable when-

oveor possible). Unlese the surface consists of two parallel or intersecting

B L

planes, the points must not all lie in two plénes. Since it is possible to
chivose points which do not define a unique quadric equation, the special input
rwats shonld be used vhenever possible.
 § In addition to tlhese surface input formats; there is an input format
.é (iag 8) which will duplicate a preceding surface equation in case a different
i @i, side, or dependent variable is required on a quadric surface. For

3.1k
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example, to use a different hemisphere of a sphere, or the opposite side of a

plane, a new surface must be defined and indexed. However, since the surface

" equation will be the same in both ceses, it is more convenient and economical

to duplicate the equation of the original surface than to recompute it. This
input (Flag 8) requires only the surfsce number of the surface whose equation
is to be duplicated.

In any case wnhere the machine must compute a surface eguation, the
nature of the digital solution with its restriction to eight significant
figures will limit the accuracy of the eguation. = In particular, coefficients
which should be zero may be given a finite value. If the chosen points do not
define a unique quadric surfece, the progranm should compute all zero coeffi-

cients and write out "Surface (8) is not defined." However, with digital

e L4 P

compuvation of the determinants one or more of these could yield non-zero

coefficients., These coefficients would definc the equation of a false surface.
To counteract this possibility, each equation which is computed from surface

points (input Flags 0, 2, 4, 5, 6, and 7) is sent through a test routine which
evaluates the equation at each of the surface points. These values are printed
out below the surface reference point g in the order in which the surface
points appear in the input. If aﬁy one of these values exceeds 0.1, the
surface is rejecﬁed. Since this is not a flexible test, the user should com-~

€

pare these values with the coefficients of the ecuation and reject any equation

for which one or more of these velucs apprcaches the order of magnitude of the

[y

average coefficient.

BOUIDARY SURTACE IUFUT SPECIFICATION

A1l bourndaries are defined by the intersection of the quadric surface
with a quedric boundary surfacé. The input for a boundary surface will there-
fore resemble the input for a surface. A boundary surface can be defined in
eight ways, as swomarized in Table 3-2.

The first (Flsg -1) is to use any of the surfaces listed in the surface
input as a boundary surface. The reguired input is the surface number. This

gives an easily defined boundary if two surfaces intersect.

LOCKHEED 3-15
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TABLE 3-2

BOULDARY SURFACE INPUT SPECIFICATION

Fleg Surfece Boundary Surface "Required Input Data
-1 Quadric Any listed surface The nunber (s) of the surface,
S(s) whose equation is to be
duplicated.
0 Plane Plane 2 boundary points (PO & Pl)
1 Quadric Plane 3 non-colinear boundary points

(P, 1=1,2,3)

2 Quadric Right circular 2 axis points (P, & P ) plus the
: ) - 1 2
cylinder radius (R)
3 Quadric Right circular 3 boundary points (Pi’ i=1,2,3)
] cylinder

plus direction numbers (1l:m:n) of
an element

L Quadric Quadric cylinder 5 boundary points (Py, i =1, ...,
5) plus direction nuinbers (l:m:n)
of an element

5 Quadric Quadric 10 ceoefficients of the boundary
surface
6 Quadric Quadric Bounded surface and boundary

‘surface numbers of previously
defined boundary surface.

The second case (Flag 0) is for a straight line boundary on a plane.
The required input is two points on the boundary. With this information, the
program computes the equation of a plane through the two points which is per-
pendiculér to the given plane. .

The third form of input (Flag 1) gives a plane boundary surface through -
any three given non-colinear points. Thié input requires the coordinates of

these three points.

LOCKHEED 3-16
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The next three formats are for cylindrical boundary surfaces. The

!
i,

input Tor each of these is exactly the same as for the cylindrical working
surface. For an arbitrary cylinder (Flag L), the directionvhumbers of an
element plus five boundary points are required, while for avright circular
cylinder, either two axis points and the radius (Flag 2) or three boundary
points and the direction numbers of an element (Flag 3) are required.

The seventh input (Flag 5) accepts the 10 coefficients of the equation

of the boundsry surface directly. The last (Flag 6) permits the duplication

" of a previous boundary surface, from the number of the surface bounded by the

previous boundary surface and the number of the boundary on this surface.
Note that input Flag -1 duplicates only the surfaces listed in the surface
input section, vwhile input Flag 6 duplicates boundary equations. With these

two input formats any previously defined surface or boundary surfacc may be

LOCKHEED 3-17
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IV - PROGRAM INPUT

This program has a maxiwum allowable number of surfaces, of boundaries

er surface, of grid points per surface, and of interfering surfaces. These
p p)

dimension limits are shown in Table L-1.

TABLE l-1

DIVENSTON 1LIMITS
Quantity Dinension
Turber of quadric surfsces 100
Tuber of bounderies per surface 6
GS 20
GS for a plane 28
Interf~ring surfaces any 10 of the quadric
surfaces
e e e s e

The irput for the program is divided into three blocks, the surface block, the

boundary block, and the control block.

SURFACE BLOCK

The surface input block requires from two to six cards for each

surface. L} c¢h card has room for seven fields of data, each with ten colwms.

All fixed point data (integers
numbers and flegs are input on

point numbers (dsta containing

.

with no decimal point given) such as surface
the right side of the field, while all floating

e decimal point, which may eppear in any of the

ten columns) such as the side index, the limits on the variables, or the

LOCKHEED
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surface points are inpul on the left of the field. Table 4-2 shows the

general input format for a surface, while Table L-~3 gives the required input

for each of the 10 surface input specifications.
4
Card #1
The first card contains five pieces of information, all in fixed point
notation. The first is the input formet index, which in fixed point notation,

occupies the right side of the first field, colwms 1 to 10. The second bit of
information is the surface number, a fixed point number, in columns 11 to 20.
The flag (1 for x, 2 for ¥y, or 3 for z) for the dependent variable occupies

the right side of columns 21 to 30. Columns 31 to 40 are to be used to specify
the number of boundaries which are to be given for a surface in the boundary
input block. If this surface is to have the same

equation as a preceding

surface (i.e. if the input format flag is 8), then columns 11 to
the number of the surface whose equation is to be duplicated. Otherwise this

space will contain a zero.

Card #2

The second card contains six items of information, all of which are in
floating point form and are therefore at the left side of their respective
fields. In order, the first is the side index from column 1 to 10. The
second and third ére, respectively, the minimum and the nexirwn values of the
first independent variable assuming the variables are given in the order X,
The minimun value occupies the columns 11 to 20, while the maximum
Columns 31 to 40 and 4l to 50 will give the

Note that if

Y, and z.
value is in columns 21 to 30.
minimum and maximum values of the second independent variable.
.these values occur out of order, the computation of any shape factor involving
this surface may be incorrect, provided the machine will compute it. The last
information on this card is the mumber GS in columns 51 to 60. If the enginecer
is interested only in computing the surface equatioh, the last five fields,

columns 11 to 60, may be left blank. An example of this would be a surface

which is to be used only as an interfering surface.
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Card #3

+
H

The third, and if necessary, additional cerds, supply the iuput dsta
required for the particular input format flag used in col1nn§ 1 to 10 of the
first card. These data are supplied in floating point form, seven items per
card and ten columns per item (columms 1 to 10, 11 to 20, cives, 61 to 70).
Inputs required to specify ten surfaces are shown in Table 4-3, and they serve

as examples of each of the ten surface input formats.

Terminal Card

No card is required between surfaces, but a card giving a surface
format flag =2 9 end a durmy surface number is required at the end of the

surface input block.

BOUNDARY BLOCT

v’\

The boundary input block requires from one to four cards per boundary.

These cards are also dimensioned for seven items - each requiring ten columns.

Table héh shows the genersl input formst for a boundary, vhile Teble L-5 gives
of

the required input Tor each the elght boundary inwut specifications.

i
Card #1

ck

Tre Tirst card contains five items in fixed poin

5

As in the surface inpub, the first item is the boun wWdary foriat

g , . A . - - . r v - . . - o .o -
to 50, plus the side index columns 51 to 60 which is in Tloatins point notation.
a

o
—
s
(D
o
3
6]
}_I
s
[
O
<
i
&
UJ
i_l
o+
o
(,_J
O

The second and third items, columns 11 to 20 and 21 to 30, respectively,
are the surface number of the bounded surface and the number of the bounaavy
The fourth and fifth items, columms 31 to 40, and L1 o 50, depend on the
boundary input format flag. If the input format flag is -1, then the boundary -
surface is to have the same equation as a surface listed in the surface input.
Thus, the input in columns 31 to 40 will be the nmurber of the surface whose
equation is to be duplicated, while columns 41 to 50 will be blank. If the
boundary format Flag 6 is used, the equation of this boundary surface is to
duplicate the equation of the nth boundary surface of surface k. Thus, the

input in columns 31 to 40 will be the number k of the surface whose nth boundarj
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surface is to be duplicated and columns 41 to 50 will contain the number n of
the boundary surface of surface number k. Columns 51 to 60 will contain the

side index of the boﬁndary in floating point notation.

Card #2, etc.

The additional cards required for boundary input format Flags Oy evee,
5 supply the data required by each of these formats - seven items per card in
fields of ten columns. The data are given in floating point notation and must
be supplied in the order indicated by the format. Examples of each of the

eight input formets are given in Table L5,

Terminal Cerd

While no cards are required to separate the data for individual
boundaries, a card givinz an input flag 2 7, a duwwy surface nmumber, and a

dummy boundery nuwnber is required st the end of -the boundarv block.
v J J

CONTROL BLOCK

The last block of input controls the computation in the program.
While the surfece and boundary surface equations are computed autometicall
J q 1Y g
all other computations must be requested. The input format is shown in

Table L4-6. The computation and storage of the grid points on a surface,

ct
oy
)

surface to surface shape Tactors, the point to surface shepe

i3
Y]
ck
o
0}

actors and

=N

computetion of surface areas are all included. Samples of each of these arc

)

shown in Table L-7. Iote that the grid points for a surface nust be computed
before a surface area can be used in any of the other three types of computa-
tions. The only expe@tions are those surfaces which are to be used only as
interfering surfaces or surfaces contzining the polnt in a point to surface

shape factor.

Grid Point Computation

Control Flags -1 and O call for the computation and storage on tape of
grid points. Flag -1 is used if there are no previously computed grid points
on tape. .Once the machine has computed and stored grid points on tape it must

search for the end of this storage block before storing additional grid points

LOCKHEED Ll’"ll
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of additional surfaces. Thus Flag -1 is used only on the Tirst card in the

control section and Flag O is used to call for the grid points of all additionel
t

surfaces. All the data on the grid point computation cards are in fixed point

notation,rand hence appear on the right side of the indicated field.

Card %l - Since there are no previously stored grid points, control
Flag -1 appears in the columns 9 and 10 on this card to indicate that the grid
points of the surfaces S(s) and S(t). The surface muber s and t occur as

fixed point numbers in the columns 11 to 20 and columns 21 to 30 respectively.

! . . . )
Card #2, etc. - Since grid points have been computed and stored

according to the instructions of the first card in the control block, control
Flag O appears in column 10. This control fleg télls the machine to compute

bJ
iy

the grid points for surfaces S(s) and S(t), to geerch for the lest
stored grid points and to add the grid points of surfaces S(g) an
those already stored. The surface rumbers s and t appear as

bers in colwrng 11 to 20 and 21 to 30 respectively.

Surface-to-Surface Shape Factors

The computeation of the shzpe fact F(u,t) ron the surface S(s) to
surface S(t) for any surfacez S(s) a S(t) whose grid points have been com-

puted requires control Flag 1. The mechine then computes and prints out the

product A(s) : F(s,t) of the arez of surface S(s) Times fhe shepe Toctor

Oy

F(s, t), the areca of surface S(s) and the shape Tactor F(s,t). If the n
iuterfering surfeces 5(s;) to S(sn) are listed, the machine will compute the
shape factor with interfereﬁne and add "With interference by S(sl) ceea S(sn),"
to the printout.

At least one card is reqﬁired for each shape faclor. If the number n

of interfering surfaces is not zero, additional cards will be required.

Card #1 -~ This card contains the control Fiﬁg 1 in colunn 10 with the
surface numbers s and t in fixed point notation in columns 11 to 20 and 21 to
30, respectively. This calls for the shape factor F(s,t) plus A(s)F(s,t) and
A(s)- The number of interfering surfaces appears in coiumns 31 to 40 as an

integer.
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Card #2, etc. = If the nurber n of interfering surfaces is not Zero,

the surface numbers S, to s, are given in one or tTwo additional cards as are.
required. These surface numbers are given in fixed peint notation - seven
mimbers on the first card in colums 1 to 10, columns 11 to 20, etc., and 3

numbers on the second card. The maximum murber of interfering surfaces is.10.

.

Point-to-Surface Shepe Factor

Control Flag 2 is used for the shape factor from a point P(i) on
surface S(s) to any surface S(t) whose grid points are in storage. The machine
will compute the dependent variable of point P(i) and the shape factor from a
differentizl area located on surface S(s) at point P(i) to surface S(t). The

printout gives the coordinates of P(i) and the shape fector P(i)F(s,t). If

the n interfering surfaces S(sl) through S(sn) are specified, the program will
account for the interference and add the interference rrintout. The cowntrol

cards for the point-to-surface shape factors require at least three cards.

Card #1 - Control Flag 2 appears in column 10 and the fixed point
surface numbers s and t in columns 11 to 20, and 21 to 30, respectively.
Columns 31 to L0 contain the number of interfering surfaces. This calls for
the computation of one or more point-to-surface shape factors from peints on
S(s) to S(t).

Card 2 - The Tirst entry, in colwmn 10, is a flag (1L Tor x, 2 for y,
or 3 for z) indicating the dependert varieble to be used on surface S(s). Tne
nurber j of points P(il) to P(ij) on surface S(s) for which point-to-surface
shape factors are to be computed to surface S(t) appears in fixed point nota-
tion in columns 11 to 20. JNote that spheres and similar surfaces may yield up
to 2j points, as illustrated in Exarple Problem 3. In columns 21 to 30, the
side index for surface S(s) is given in floating point notation. Note that the
dependent‘variable indicated in column 10 and the side index in colwms 21 to
30 is not required to agree with those used in any other listing of surface
S(s), so they should be chosen to match the points P(il) to P(ij). If any of
these points are vertical points on the surface relative to the chosen
dependent variable, additional point-to-surface shape factors inputs should be.

nade, each with the appropriate choice of dependent variable. For example, on
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the sphere xg +y t+tz o~k o=

problem, the three points P(1) =

a single request.

Card #3, etc. - The indevende

P(ij) are given seven
11 to 20, etc.) using

Interfering Surface Cards

If the number n of interrle

must be supplied giving the surfsce nu
surfaces u(° ) to S(s ) These muibers

of 10 columns.

Surface Ares

The computation of surface arece
The control Fleg 3 in columr 10 and the

20 require the computation and printout

End of Input

A card with control Flag L

LOC! HEED

0, used as the
(2,0,0), P(2) =
all require a different choice of dependent variable. Tn

P(2)¥(5,1), and P(3)F(5,1) nust be inpu

nt coordinates of the points P(i
coordinates per card in T

floating point nota

in column 10 ends

IR 18905

)
{

surface S(S) in the third example
!

(0,2,0) angd P(3) = (0,0,2)

s P(1)F(5,1),

U separately rather than being input in -

) to
elds of 10 (columns 1 to 10,

tion.

is not zero, additional cards

o f the interfering
1 n ©

seven to the card in field

P

e

[N

jol}

is specd one surface per card.

fixed point nmumber s in colwmns 11 to

of the arca of surface S(s).

‘the input.
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V -~ PROGRAM OUTPUT

The output from this progrem is fully identified as to which surfaces

t

or points "view" and which are "viewed", the viewing surface or point designated
by s and the viewed surface by t. Both area-shape factor products and areas

alone are printed.

Hy

Taebles 5-1 throagh 5-4 contain typical output information. The first
information appearing for each surface or boundery (Tables 5-1 and 5-2) is a

he inout for that surlace or boundary. ‘Uais is followed by

)
ct

duplicetion o
the surface reference point, Q = (x,y,z) for all surfaces which are not dupli-
cates of a previous surface. If the surface or boundary equetion is deter-
mined by the computer, the residuals obtained by substituting the coordinates
of the surface points (vhich were used to define the surface eguation) into
the eqguation are printed below the reference point G. In Tebles 5~1 and 5-2
all equations were input, so0 no such numbers exist. If one or more of these
values approaches the magnitude of the coefficients, which are printed out for

each surface, the limited accuracy of the digital solution has probably

resulted in en invalid equation. The mognituds o

compared with the coefficients to make surc all invali
Following tnese surface and boundary swasery sheets is a list of com-

puted shepe factors. This format depends on whether surface-to-surface or

point-to-surface shape factors are compubed.

SURFACE-T:0~SURFACE SHAPE FACTORS

A typical surface-to-surface shape factor output sheet is shown in
Table 5-3. The line beginning with "DELS" includes the increments computed
for the independent variebles projected rectangle. The second line consists
of the surface numbers s and t and their area-view factor product, A(s)F(s,t).

The third line of output gives the surface s and its area A(s). The fourth

LOCKHEED 5-1
CALIFDRN'A COMPANY




line repeats the surfaces considered and follows wiﬁh.the;shape factor,
F(s,t). ‘ o

The last line in each distinct group is actually the computational
input for the next set of outputs. If interference by sﬁrfaces S through s.
is specified for the shape factor F(s,t), one or more lines are added above
the "DELS" line. These give the surface numbers s and + plus the printout
"F(s,t) with interference by surface numbers S1s erecerananny, Sj"

POINT-TO-SURFACE SHAPE FACTORS

Teble 5-4 shows the outpul for several point-to-surface shape factors.
As for the surface-to-surface output, the results are preceded by the computa-
tional input. Lmﬁediately preceding the first line of output is & block of
independent variables for the points on the %iewing surface (in this example,

The output results begin with the point number i, followed by the

viewing surface, s, the viewed surface, t, and the shepe factor P(1)F(s,t).

jl

a
The second line containg the dirates of P(i

(@]

00

=

If interfering surfaces are
given, informetion identical o that given in the surface-to-surface output is

added above the first lire.
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VI - EXAMPLE PROBLALS

Three example problems are presented in this section, A detailed
discussion of the problems and the reason for including each follows.,

The first problem is an exercise showing each of the inputs discussed
in Section IV with examples of & variety of surfaces., The second exarple,
vhich epproximales a rocketl nozzle and storage tank problem, illustrates the
effect of the cholce of the dependent variable on computed surface area with
the resultent effect on the shape factors, The third problern consists of a

sphere inside a cubz, This problen has the advertase that all areos and shap

factors may be corputed exactly as a check on the accuracy of the program,
In computing the shape factors from one side of the cube to another, the

effect of interference by the sphere is illustrated, In addition, this

=
problem shows the effect of the choice of dependent variable on & shape factor

4

where the area is not affected

The values of grid size (GS) for these exzmples were based on the

'U
0]
o
[N
i
3

[$S)

former limits of 16 or 20, de on the type of surface (see Szction IIT

The capacity is now 20 or 23, The

(@]
]

14 maxdmunm values of CGS were used in
Examoles 1 and 2, Somewhat lower values were used in Exzmple 3 to demonsirate
the accuracy obtainable with modest GS values, The discussion of Fx uLmTe 3

includes a comparison of grid size, accuracy, end computer time,

EX(/PLE PROBIEM #1

The first example problem conteins ten surfaces and eight boundary
surfaces showing examples of each imput format plus examples of each type of

computation,

Surface Input

Surface #1 - Arbitrary Conic - Surface #1 is the lower side of a plane

circular disk of unit radius lying on the xy-plane with its center at the

LOCVHLED 6-1
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origin as shown in Figure €-1, Since this surface is a section of g pléne, it
can be seen from Table 4-2 (General Surface Input Formats) that surface 1

must be defined by equation or by three points, In.this case, the ten coef-
ficients A to J of the equation z = 0 (the xy-plane) and format Flag -1 is

used, A dependent variable of gz is required on this plane so the dependent
variable flag is 3. The boundery surface x2 + y2 + 22 - 1 =0 is used )
to cut the plane down to the given disk so one boundary is required. The

given plane z = O contains the points (0,0,0), (1,0,0), ana (0,1,0); therefore
the surface reference point is (0,0,1). Since the lower side (which faces

avay from (0,0,l) is required, the side index is ~L.0. The surface area will

£

be used in a shape factor computation, therefore the limits on the independent

variables and the grid size nurber GS are required, The minimum value for x
on this disk is -1 while the mavirum velue of x is 1, TFor ¥y the minimum and
maximum values are also -1 and 1. The number GS is set szt 16. The input

for this surface is:

SF S D,v, NB

-1 1 3 1

SISk MIN-1 MAX-1 MIN-2 MAX-2 GS

-1, -1. 1, -1, +1, 16,

A B c G
0. 0. 0, 0. 0, 0. 0,
H I J

0. 1. 0,

Surface #2 - Plane - Tae second surface is the top of a section of

the plane 6x + by - 3z - 12 = 0 given in Figure 6-2, The required area has

Oone linear and one elliptic boundary, Input Flag O and the three surface
points (not all on a straight line) (2,0,0), (0,3,0), and (0,0,—h) are used to
define surface 2, The dependent variable z is chosen on this surface, requir-
ing Flag 3 for the dependent variable, the that any variable could be chosen
for this surface. Two boundaries are required, The reference point is (0,0,0),
and since the plane lies below this reference point, side index 1,0 is used,

Since grid points are reguired for this surface, limits on the independent

LOCKHEED 6-2

CALIFORN'A COw3aNny




IR 18905

» ./
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SPHERE Sy = /

><2 +y2 4_22__‘ 1=0

CENTER (0,0,0)

RADIUS 1

C)

v

Figure 6-1. Example Problem #1 - Surface #

c = 6-3
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oP (01 0, "“)

J
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|

y (OIOI 1) D)
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~

V(0,-2,-20/%)

Figure 6-2. Exerple Problem #1 - Surface #2
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variables 0 £ x s2 and -2 Sy 5 2 are given., The number GS is set equal to

16, Thus the input for this surface is:
SF S . v B
0 2 3 2
ssT MIN-1 MAX -1 MIN-2 MAX -2 GS
Sl 0. 2. -2, 2. 16.
X Iy @) *o ' Yo Zo *3
2, 0. 0. 0. 3. 0. 0.
2
73 3
0. -b,
Surface #3 - Sphere - Surface #3 is the inside of the sphere
2 2 2

X +y +z - 1=0, illustrated in Pigure 6-3. With input Fleg 1, the
sphere’is defined by the center (0,0,0) and the radius 1,0, On this sphere,
the choice of independent variable is arbitrary and x (Flag 1) is used. No

boundaries are required as the entire sphere is required., The reference voint

1=le

is (0,0,0), therefore the side index is 1,0 for the inside, This surface
is not used in any shape facior or ares cowputation, so the remzinder of the

second card is left blank, Thus input for this case is:

ST s v NB
1 3 1 0

SST

1.0

x ¥

0. 0. 0. 1.

Surface 7l - Svhere - The fourth surface consists of the inner
(concave) side of the sphere x & y2 + 27 . ox 4 Ly ~ 6z - 35 = 0, bounded
by a plane and a right circular cyiinder as given in Figure 6-4, Input Flag 2
plus the four surface points (7,0,0), (7,-5,5), (7,1,5), and (-2,4,5) (not
all on & plane) define the surface, For this surface, the dependent varieble

is x (Flag 1) and two boundaries are used, The reference point is the origin,

LOCKHEED 6—5
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Figure 6-3. Example Problem #1 - Surface #3
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(-2.4,5) 0

fa

'SPHERE

X2 by? +2h = 2tdy 62 - 3520

CENTER (1,-2,3)
RADIUS = 7

PLANE » -3z +8 =0
BOUNDARY #1-

CYLINDER y? 422 +4y -6z =0
BOUNDARY #2

3 : - I .
Figure 6-4. Example Problem #1 - Surfece #i
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which is inside the sphere, and therefore side index 1.0 is used. The
remainder of the second card for this surface is left blank since the sur|ace

is not used in the shape factor computeiions., The input is:

SF S DV NB
2 L 1 2

no
<
no
N
no
w

- . .. . e .
Surface %5 -~ Righ Cz“cular Ciylinder - Surface.:/5 is the unbounded

>
r\) G"

. Con 2, ¢ ' .
right circuler 827 + 5y° + 54 - bxz + hxy + 8yz - 36x + 18y + 36z = O in
Figure 6-5, WNote that an wrbounded surface such as this, or either of the
next two surfaces, cennot be used in the shepe factor computations except as

an interfering surface or as the base surface (the surface containing the

point) for & volnt-to-suriace 5 actor; Ihis surface is defined by inovut
Flag 3, the axis points (l,l,—h) and ( ) plus the radius R = 3, The
dependent varizvle is x, the surface has no boaboazles, and & sicde index 1,0

is given, Note thet with the referen e polint (“,0,0) indicated by the egqua-
tion, this defines the inside of the cylinder. But with the small constent
rem, che reference volnt is chanzed to (0,0,0), enct with the

the positive side index, the outside is ectually given, The irvut for this

SF S v B

1.. 1. . 2. -1, -2. 3.

6-8
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RIGHT CRCULAR CYLINDER

8x + 5y? + 5z’

4

+tdxy ~4dxz T 8yz - 35x t 18y +352 =0
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Surface %6 - Right Circular Cylinder - The unbou@ded cylinder x2 +
z2 -~ 2x + 62 - 15 = 0 is shown in Figure 6-6 as surface %6. This cylinder

is defined by input Flag L4, the three surface points (noftwo on the same
element) (1,1,2), (-3,0,0), and (%,2,1), plus the direction mumbers of an
element (0 : 1 : 0). On this cylinder, the choice of dépendent veriable is
restricted to x and z (x is given) since the elements of the cylinder are
parallel to the y-axis. With the reference point (0,0,0) inside the cylinder,

the side index 1.0 specifies the inside. The input is:

SF S DV NB

L 6 1 0

SST

1.0

*1 I3 Z X5 Yo 2o *3

1. 1. 2. -3. 0. 0. k.
2 1 M N

Y3 3

o. 1. 0. 1. 0.

w0
j"
[
=i
s
]
(0]
g
-

.
&
o

Sric Crlinder - The hyperbolic cylinder y2 - 22

+ 64 = 0, surface #7, is illustivated in Figure 6-7. With input Flag 5, this

s defined by the five surfuce points (no two on the ssme element)

(0,6,10), (0,-€,10), (0,15,17), and (0,-15,17) plue the direction
(L :0: 0) of an elerci’. Since the clements are rerallel to the

X-axis and the tangent planes along the line y = 0, z = 8 are horizontal,

z is the only choice of cepencent veariable. Relative to the reference point

(0,0,0),the side index -1.0 indicates the concave side of each sheet of the

hyperbolic cylinger (top oI the upper sheet and bottom of the lower sheet).

Viith no boundaries given, the input is:

SF S DV NB

p) T 3 0

SST

...l.

*1 4! ) X5 Yo %o X3

0. 0. 8. 0. 6. 10. 0.
LOCKHEED 6-10
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j ! . 5 . N
Surface #8 - Quadric of Revolulion - Surface #8 is the section of the
T 7

2 2
paraboloid of revolution x + y + bz =

1=

0 as shown in Figure 6-8.

0 cut by the sphere xg

2 2’
+y +z -

The input Flag 6 requires an axis point

0,0,0 three surface points (no two on the same cross-section 0,0,0),
20,07, ¥ >

(-2,2,-2), anda (0,-2,-1), plus a second exis point (0,0,1).
variable is z and one boundary is given.
the side index 1.0 gives the convex (outer) surface of the paraboloid.
the area of surface #8 is require £ x £.97175 and

- 97175 =y =

SF
6
SST .
1.

d, the limits -.97175

97175 and & velue of 15 for GS are given
S Y NB
8 3 1
MIN-1 MAX-] MIT~-2 MAX-2 -GS
= 97Y7(5> + 97375 - 97170 L9715 15
vy 2y X5 Yo 25
0. 0. 0 0. 0.
23 x), ¥y, Z), x5
-2. 0 -2. -1. 0.

The dependent

The reference point is (l,0,0) and

Since

m . s
LNC 1NPUT isd

X

3
-

2 2 2
x + by + 927 - 2hx - 4By - 36z = 0. Input Flag 7 and the nine surface
points (O:O:O); (30,6,9), (‘6)6)2)) (12)15:2): (19:’3:2); (12;6:8)) (12:6)‘h):

(0,0,4), and (2L,0,4) define the surface.
(Flag 2) and no boundaries are given.
point (1,0,0) thus the side index 1.0, gives fhe inside.
"NB

SF
7

LOCKHEED

CALIFCRNIA COMEANY
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The input is:
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.A> //“7\

- (0,-2,-1)

\

(Ol OJO) 7

6 (~2,2,-2)

/

AXIS THROUGH (0,0,~2)

C)

D/ BI,1 = 5% +y% -1 =0
CENTER (0,0,0)
RADIUS = 1

' ! o ik
Figure 6-8. Example Problem #1 - Surface #8

: -1t
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SSI

1.

X1 Iy 2 %o Yo Zp X3

0. 0. 0. 30. 6. 2. -6.

73 “3 " Ty “ s s

6. 2. 12. 15. 2. 12. -3.
Zg Xg Vg z¢ Xy Yo Ze
2. 12. 6. 8. 12. : 6. -k,
Xg g zg g vg Zg

0. " o. k. o, 0. L

Surface #10 - Duplicate Surface Ecuation - Surface #10 (Figure 6-10)

. o . . 2
is a different section of the sphere

ere ¥+ y2 + 22 -2x + by - 6z - 35 =0
first defined in surface L. Flag & and the surface mumber U define surface
10.  The dependent veriable Tor this surface s z and two boundarics are
required. Side index -1.0 indicates the outside since the reference point
(l,0,0) is inside the sphere. lote that the reference roint is not printed

out since this is a duplicated surface equation. The input is:

SF S Dv NB s

8 10 3 2 L indicates that the equetion of
: surface It is to be duplicated.

SSI

- l .

Bnd of Surface Input - The end of the surface inpul block is marled
by a card giving an irput formet 2 9 and a duwy surface nunber.
SF S

9 11 A surface number not being used.

Boundary Input

Boundary Surface #1 - Listed uadric Surface - The first boundary

surface, labeled B(l,l) and meaning surface 1, boundary 1, is surface #3,
labeled S(3), the sphere X+ ye v 2% - = 0. BSince this boundary duplicates
a surface, input Flag -1 is used with the number 3 of S8(3). Since the refer-
ence point (0,0,0) which is not printed out for the duplicated equations of

B(1,1) of 5(3) and the required zrea of 5(1) are both inside the sphere S(3),

LOCKHEED 6-16
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SPHERE

x2 +y2 +22"2x T4y =6z ~35 =0

CENTER (1,-2,3)
RADIUS - 7

<)

BOUNDARY #1

X2+ 10,2 = 2x +40, -8 =0
SIDE INDEX + 1

PLANE Z=3
, /
BOUNDARY #2
SIDE INDEX -1

S (10)

Figure 6-10. Example Problem #1 - Surface #10
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ex 1.0 is used. The input is:

SF "~ BSH B SH BN BST
-1 1 1 3 -- 1. ;

-, " ! .
Boundary Surface 2 - Plane on a Plane - The second boundary surface,

B(2,1), is the first boundary on S(2) and is the plene through the two points -
(0,3,0) and (0,0,-L), perpendicule
is defined by the boundary points (0,3,0) and (0,0,-1t). Tne reference point

(0,0,0) and the required ares are both above the boundary plane hence the

» to 8(2). Using input Flag 0, the surface

side index is 1.0. The input is

BF BSW B 8K BN BST
0 2 1 - . 1.
X, Yy z, X, Yo Z,
0. 3. 0. 0. o o,

Boundary Surface #3 - Plenc on Quadric Surfsce - The thirg boundary

surface, B(h,l), is the plane z - 3z + 8§ = 0. With input Flag 1 the equation
is defined by the three non-colinear boundary points (1,-2,3), (7,~5,5); and i
(7,1,5). Tne

plane giving & eide index of 1.0. The input is:

(n

regquired aree and the refererce roint (0,0,0) are below the

<

B BSH B SK BY BST

1 L 1 - - 1.

xq vy zy X VA Z x3

1. -2, 3. T -5. 5. 7.
Z

I3 3

1. 5.

. ﬁ M
Boundary Surfece =L

=]
}_Jc
0Q
=~
ct
Q
;_J.
i
(@]
o
—
o0
[
«Q
et
..J

Linder - The fourth boundary

no
1

jor

D

suriace, B((,L), is the cylinder x + y - L = 0. Vith input Flag
equation is defined by the two exis points (0,0,0) and (0,0,1), plus the
radius R = 2. The reference point and the required area are bolh inside the
cylinder, so the side index is 1.0. The input is:
_BF BSH B SK BN BST :
) ,

2 ) 2 == - 14

LOCKHEED 6-18
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Boundary Surface #9 - Right Circular Cylinder - The {ifth boundary
2

2
surface, B(4,2), is surface y~ + 27 + by - 62 = 0. This surfece is defined
by input Flag 3, the three boundary points (7,0,0), (7,1,5), and (7,-5,5)
(not all on the same element),plus the direction numbers (1:0:0) of an

element. The side index 1.0 gives the outside of the cylinder. The input

is:
BI BSK B SN BN BST
L 2 .- - 1.
*1 1 % X2 Yo %o *3
7. 0. 0 T. 1. 5. T.
¥ 4 M n
3 3
-5. 5. 1. 0. 0.
Qggg@g;xmﬁgyfggg4#6 -_Gradric Cylinder -~ The sixth boundary surface,
. e . 2 2 . -
B(10,1) is the elliptic cylinder x + 10y - 2x + LOy - 8 = 0. Input Flag b,

the five surface points (-6,-2,3), (-2,0,9), (4,0,9) (-2,-4,9), enda (L,-4,9)
(no two on the seue element% plus the direction numbers (0 : 0 : 1) of an

elerent. The inside of this cylinder is specified by tre side index 1.0.

The jnput is:

BE BSH B SN BN BSI
L 10 1 -- - 1.

Xl yl 71 X Yo Zg x3
-6, -2. 3. -2, 0. 9. -2,
Z X Ly Z X
73 3 i Il I 5 g
-1, 9. L, 9. L, -4
z, L M N

5 .
9. 0. 0. 1.

s

Boundery Surface 577 - Quadric -~ The seventh boundary surface, B(10,2
J J > DU, e,

is the plane z - 3 = 0. Input Flag 5 and the ten coefficients A through J

LOCKHEED 6-19
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-

of z -3 = 0 are used to define this surface. The refere

(D
o]
Qo
11,
o]
o
—~
~
e
o]

below the boundary plane; thus

hemisphere of S(10). The input is:

BF BSN B S BN BSI

5 10 2 - - -1.

A C D F

0. . 0. 0. 0. 0. 0.
H J

0. 1. -3.

ce _Boundery Surface - The eighth

. N 2 o
boundary surface, B(8,1), is x~ + y~ + z° - 1 = 0. Since this is the same
T‘

as boundary suricce B(l,l), input g 6 and the surface nurber 1 plus the

boundary number 1 define the bovndary snrface area. Side index 1.0 [(rcference

Hh

n
—~

[e9]
~

point for B(8,1) = reference point Tor B(1,1)]specifies the portion o
contained within the sphere. The input is:

B BSH B S BN BST

6 8 1 1 ! 1.

End of Boundary Block - A card giving input Flag 7 with a dummy sur-

face and bourdary rumbers is rejuired to close the block.
EBF BEH B
T 11 1

-

teticn Control

Grid Point Commutation end Storaze -~ Surfaces S(1), S(2) ana 8(8) are

used in shape Tactor or surface area computation. Therefore grid points
must be corputed and stored for these surfeces and the input is:
K - s(s)  S(t)

?l o previcusly stored grid points 1 2
0 Previously stored S(1) and S(2) grid points are on tape 8

Surfece-to-Surfece Shape Factor Without Interference - The shape

factor F(l,e) from S(1) to 8(2) is required with no interference. Therefore

the input is:
K S(s) s(t) Nis
1 1 2

£-20
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Surface~to-Surfece Shave Fector With Interference - To compute the

iyt ey

shape factor F(1,2) with interference by S(8), the input is:

K S(s) s(t) NIS
1 1 2 o
18

8

Point-to-Surface Shape Factor Without Tnterference - To compute the

point-to-surface shape factor P(1)F(1,2) from point P(1) with independent
coordirates (0.,0.) on S(1) to S(2) without interference requires the control
Fleg h, the surface nurbers 1 and 2, the dependent variable z on S(1), the
nuwiber of points, 1, the side index on S(1), the independent coordinates

0,0) of P(L and the number of interfering surfaces 0. This is given in
2

the forri:

K S(s) S(t) NIS

2 1 2 0]

v NP SSI

3 1 -1.

Xq vy (Since z is deper dent)>

o. 0.

Point-to-Surfece Shape Factor With Interference - The input for this

cage 1g & combination of the invuls for the surface-to-suciuce shepe Tactor

with interTervence and the point-to-surface shape Ffactor. The invut for the
P

shape factor P(1)¥(1,2) from point P(1) on S(1) with interference ty S(8) is:
K S(s) s(t) NIS
2 1 ' 2 1
Dv NP SIS R
1 -1.
1 V1
0. 0.
IS
8
LOCKHEED 6-21
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Surface Area ~ Control Flag 3 and the surface Dunoc? are required

to obtain any surface areas not computed in the surlace—to—surface shape

Tactor routine. The input for the areas of S(2) snd S(&) is:

K S(s)
3 2
K S(s)
3 8
End of Input - The end of input is signaled by a card with control
Flag 4.
L

Discussion of Proovlem

The input sheets reguired for this problem and the comouted cutnut

given in Tebles 6-1 and 6-2, respectively. Since this example problem is
tended only to give samples of each type of input and output, the values

computed are not discussed.

In reading the output, peint @ = (x,y 7.) appearing in the printout of
the eguations for surfac (1) throuzh 8(9) and all the boundary surfaces
except B(1,1) and B(S,l)Ais the surface or boundary surface reference point.
The numvers in the 1 v below the reference point Qs which occur
s(k) s(8), s(7), s8(8), and 8(9), pluc voun-
dary surfaces B(2,1 , B(L,1), L(h,?), and B(lO,l), are the values obtained by
substituling the coordinztes of the surface points used to define the surface
equation into the eguation. If one or more of these values epproaches the mag-

~

nitude of the ccoefficiernts, the limited accuracy or the digital solution has

probably resulted

(=X

n an invelid equation. Note the machine discards the equation

if any of these values exceeds 0.1. However, this inflexible test is not an abso-

lute test, so these valuecs should be compared with the size of the coefficients.
For the surface-to-surface shape factor, the first line headed by

"DELS" gives the increments computed for the rectangle of the independent

variables with the given GS. The second line gives the surface numbers s

and t plus the product A(s)F(s,t). The third line gives the surface number

s and the area, A(s), of S(s). The last line in this output gives the surface
nusbers s and t plus the value F(s,t).

LOCKHEED 6-22
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For the point-to-surface shape factor P(i)¥(s,t), the first 1Ln

gives the point mumber 1, the surlace nunbers s and t, plus fthe stape Tac

The second line gives the coordinates of P(i) in the formal  "POINT 0O S

i,
ot

x(1)- . Y(1)= 7(1)= ". If interfering surfuces are giv

the interference printout described

The second exenple problen evprovirates a tyeical rocket nozzle

unction. This gecwetry is illustraied in

S5 units below theilr

. . 7
i Figure 0-11. The srepe factors

suriace

B . - . L A . T e SR R P
5(1) is defined by inpul rleg O for a guadric oi revolution, the exis

int (0,0,.75), the three surface points (0,.75,.75), (0,1,1.75), and

(
S(1) is y and one bou:

i
the cone, hence the convex (outexﬁ surface requires a sid

Tne limits on the independ bles ere ~1.25 £ X £ 1.25 and .75 <

2.75, wvhile GS is set equal to 15

6-33
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©(0,0,2.75)  $(1.25,0,2.75)

(0,1.25,2.75) 1\

0,1.,1.75) ©

CENTER (2,0,0)

Sy =CONE 23552 + 255y = 1622 = 724 51 =0
Sge Sgr S4 =PARTS OF SAME CONE ~ DIFFERENT VARIADLES

S5 = SFHERE 4" + 4y% + 4,2 = 165 +15 =0, CENTER (2,0,0), RADIUS .5
Sg =CYLINDER 16:% +16y2 -9 =

SIO" S” =PARTS OF SAME CYLINDER - DIFFERENT VARIABLES

Figure 6-11. Example Problem #o
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S(2) is defined by input Flez 8 and the surface number 1 of S(1).

U)

The dependent verieble is z which changes the liwmits on the independent

variables to -1.25 £ x £ 1.25 and -1.25 $ y § 1.25. The two planes com-
prising the boundary B(l,l) are separated and listed as two bounderies. The

index end GS remain unchanged.

QJ

si
S(3) is defined by input Flag 8 and the surface mumber 1 of s{(1). Tae
dependent variable on this half of the cone is x. Two boundaries are used,
the new one being the perpendiculer planes x - y = 0 and x + y = 0, which are
combined in the single boundary surfece o - y2 = 0. The surfaces S(3) and
S(h), with this boundary, are showm in Figure 6-12. With x dependent and the

given boundaries, the limits on the independert variables sre -1.25 x VE/E =

-.8638838 S y 5 .8838836 = 1.25 x v2/2 and .75 S 2z S 2.75. The side index
and GS remain unchangad.

S(k%) is defined by inval Flsz 8 and the.surface rrher 1. Tne de-

pendent variable on this half of the cone is y with limits -.8838838 S x s

.8838838 and .75 £ z = 2.75 on the independent var The number

]_J-
0
oy
—t
¢
w0

boundaries, the side index and GS eare unchenzgel.

~
, .- , 2 2
Sphere - The next four surfeces all lie on the sthere Lx + Ly

2 .
+ Lhz” - 16x + 15 = 0. S(5) gives the complete sphere while S(6), S(7), and
S(8) daivide the sphere into approximately egual subsuriaces each with a

different dependent variable (Figure 6- 73)

erence point (0,0,0), thus the

£ .5 and

y

>
8(6) is given by Flag 8 and the surface number 5. One boundary, the
cone xe - y2 - z2 - bx + L4 = 0, is used which culs the limits on the
independent veriables to -.5 x /2/2 =-.3535535 5 y & .3535535 = .5 x 2/2
‘and ~-.3535535 £ 4 £ .3535535; The dependent variable, side index, and GS are
unchanged.

S(Y) is given by Flag 8 and the surface mumber 5. The dependent

variable on S(7) is y. Two boundaries, the cone < - yd N Gy

Lo}
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Figare 6-12. Example Problem #2 - Partitioned Cone
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Figure 6-13.

- Partitioned Spher

A
Exarmple Problem 7
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2

1

2
and the surface y - gz 0 cousisting of both the planes y - z = 0 an

fol}

y +z =0, are required. The limits on the independent variables are 2 -
35 = 1.OhOMIG = £ 235555k = 2 4 L5 x \/2/2 ana ~.3535555 £ 5

0
«3535535. The side index and GS are unchanged.

A

S(8) is definca by input Flag 8 and the surface number 5. The de-

pende11 variable is z. The linits on the independent veriables are 1.6L6LLE
£ x 2.35355h and - «3535535 £ y = «3535535. The number of boundarics, the
side index, and GS are the same as for s(7).

Qxligﬂer - The last three surfaces all lie on the cylinder l6x +
16y2 = 9=0. 8(9) gives the conplete cylinder, while 8(10) ang S(11) each
give one-half of the cylinder (Figure 6-14).

5(9) is defined by input Flag 3, the axis points (0,0,-1) and (0,0,1),
plus the radius R = «75. The dependent > varisble is x and one boundexry is
required. Yhe reference point (0,0,0) is ins
-1.0

e

ERY ~ 1A 3 N
de the cylinder, so side index

i

[N
4]

required for the outside. The limils are -.75 = y = <75 and -1 £ g

«(> on the independent variebles, while GS = 16.

S(lO) is given by Flag 8 and the surfoce nurber 9.  Two boundaries

. X 2 2 ' c e . ,
are requirced, the new one being x7 - y7 = 0. Tne limits on the independent
verizbles are -.75 x v e/s == 05303303 =2 y = .5303303 and -1 T 4 = (5. The

dependent variable, side index and GS are unchanged.

S(ll) is given by Flag 8 and the suxrface nuwher 9. The dependent

. o o m “annaAan < < P ~ 4 < ~

veriacle is y end the linmits srs -e5OCRE0R = o 2 «2303303 sug -1 = 7 S )

or the independont variables. The nunber o T boundaricn, the side index and
D

GS are unchanged.

Poyndery Tnout

Bounderies of the Qggg_- The frustrunm of the cone is boundea top and
botton by the surface 16z~ - 56z + 33 = 0 ng of the two parallel
planes z - .75 = 0 and z - 2.5 = 0. The subgectionsz S 3) and s(h) (Figure
6~12) of the cone are separated by the surface x2 - yQ = 0, composed of the

berpendicular planes x -~y =0and x +y = 0.

1.

.
. - < . . .

Boundary B(1,1), the surface 1627 - 567 + 33 = 0, is defined by input

Flag 5 and the ten coefficients A throush J of the equation. The reference

oint "(0,0,0) for this boundary surface is below the lower surface 7z - 5 =0
PR ]
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Example Problem #2 - Cylinder

Figure 6-1h4,
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while the required porition of the cone is between the planes z -~ .75 = 0 and
1] s D .

z = 2.75 = 0. Therefore, the side index is -1.0.

B(3,l) and E(U,l) duplicate B(l,l) and are given by input Flag 6 the sur -

face number 1, and the boundary number 1. 'The side indicies remain -1.0.
_ ) 2
B(Q,l) consists of the lower plane z - .75 = 0 of the surface 16z

56z + 33 = 0. This bounda ry eurface is defined by input Flag 1 and the

three noncolinear points (0,0,.75), (O,.(),.Tb), and (.75,0,.75) on the
boundary surface.

The reference point (0,0,0) is below the plane and the required
portion of the conec is above it; therefore the side index is -1.0.

B(E,Q) is the upper plsne z - 2.75 = 0. It is defined by input Flag 1

and the three non-colinear points (0,0,2.75), (0,1.25,2.75), and (1.25,0,2.75)
On the boundary plan The reference point and uhe requ¢red surface area are

index- is 1. O.

O
o
o
o
w
)
o
[¢)]

both below z - 2.75 - O, =

B(3,2) consists of the two perpendiéular planes x - y = O and x + y
e

. . - 2 2 . 5 . e
O combined in the surface x~ = ¥y = 0. This boundary surface is defined by
2 2
- . o) - ~ o 1. [ -
input Flag 5 and {the 10 coefficients A through J of the equation x~ - y = 0.

The reference noirnt for bound
1.0 specifies the {wo opposed scetions of the
ned by input Flag 6, the-

The remeining Lwo sec-

o .

: Svhere - The three subscetions s(6), ( ) and S(8)

T i ) o

sed by two ciaces.  The cone k -y -z -

.

here into three vertical slices. The two outside

oria S(6). Tae perpendicular planes y - z = 0,

2 e . .

single surfece y - z = 0, separate the center slice
1 e < g ar - I B e S 8
s, tvo coposed sectlons apiece fox T) and S
] I}
< 2 ) ) R ,
TV -z = Aax 4 = 0, is deflined by the input

Flag 5 and the ten coefficients A through J of the eguation. The side index
1.0 and the reference point (0,0,0) define the two end slices of the gphere.
B(7,1) and I B(8,1) are the seme cone defined by input Fiag 6, the

surface nunber 6 and the boundary surface nurber 1. On these two surlaces,

LOCKPE;:D 6-140
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the center slice of the sphere is reguired so the side index is -1.0
- ‘

B(T,c) is the surface yd - za = O which is defined by inpul Flag 5
and the 10 coefficients A through J of the equaticn. The side index for the
two sections of S(7) is 1.0.

B(8,2) duplicates B(Y,E), with input Flag 6, the surface rumber 7,
and the boundary surface number 2. Tne side index for S(8) is -1.0.

e
Boundaries on_the Cylinder - The cylinder, surfaces S( ), 5(10),

and S(11), are bounded on the top and bottom by the surface Mz +z - 3=0

composed of the parallel planes z .+ 1 = 0 and z ~ .75 = 0. The two sections
: 2 2
of the cylinder S(10) ana S(11) are separated by the same surface, x -y =
() of the cone (Figure 6-1k).

d
B(9,l) is the surface liz - 3 = 0 which is defined by the input
r

. 8 .
.z 5 and the ten coefficients of 4z + 2z - 3 = 0. Tae requir area of the

Ja ey

0, that separates the two halves S( ) an

=
e
[

ST IR /nﬁr\

nce point (0,0,0 ) bolh lie bebtween the boundary planesg
z + 1 =028and z - .75 = 0. Therefore, the side index is 1.0.

B(lO,l) and B(11,1) duplicate B(9,1), using izput Flag 6, the surface
nunber 9, and the boundary surface nusber 1.

. 2 2 - .
B(lO,E), the surfece x -y = 0, is defined ss a cuadric cylinder by

input Flag L, the five surface points (0,0,0), (1,1,0), (2,2,0), (l,—l,O),

and (-2,2,0), no two on the same element, vlus the direction nmurbers (0 : O :

of an element. The two sections of S(lO) are given by the side index 1.0.
B(l¢,2) duplicates B(10,2) with input Flag &, ihe surface murber 10,

and the boundary muber 2. Asg the two remaining sections (no,

purs

in 8(2 O) are

required Tor S(11); the side index is -1.0.

Computaticn Control

Grid points are required for all eleven surfaces. The shepe factors
¥(2,5), ¥(9,2), and F(5,9) are required for the complete surfaces. The
equivalent shape factors F(3,6), #(3,7), F(3,8), w(L,6), (L, 7), F(L,8),
F(6,10), ¥(6,11), ¥(7,10), F(7,11), ¥(8,10), F(8,11), ¥(10,3), and F(10,L)
in terms of the subsurfaces are also comhuted for comparison. Note that by
symmetry F(11,3) equals F(10,4) and F(11,L) equals F(10,3), so these are not

computed.
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Discussion of the Problem

The input shecls Tor this problen and the output are found in Tables
6-3 and 6-1, respectively.

The relative accuracy of’ the computed valucs of the shape Tactors anad
the shape factor area products are evaluated in terns ol the aécuracy of the
area computations.

e areas A(1) of 8(1) and £(11) of 8(11) are also computed for com-
parison.

The values for the arez of +the cone'give‘ﬁhe most striking example

of the effect of the choice of dependent variables on the coniputed areas.

o

The area on 8(1) is wuted as 238, while the arca on S5(2) is 12.) and the

orzn
sum of the areas on S(;) and S(h) is 12.7. Since ihe area of the frustrun
ol a cone can be computed exactly, these rribers can be compared with the actual
erea. The area of blic cone 1o one decimal is 12.9. Thus, the agtronomical
area computed for S(l) with y-dependent is in ervor by a factor of slightly
over 18. With z-dependent, the area of S(2) shows an error of 3.9% vhile the
division of the cylinder into two sections 8(3) with x~dependent and S(4) witn
y~dependent reduces ihe error +to 1.5%. Similarly, the arca on Lhe sphere S(5)
is 3.30, the area on the partitioned sphere 3.22 while the actual area is 3.1L.
Yor the CJllnaer S(9), the area is 7.0 but the partitioned cylinder gives the
exact (to two decimals) area 8.2L.

7 Since the AF product is an additive quantity, the value of this product
and hence the shape factor can be obtained For the partitioned surfaces feis
adding AF broducts, adding arcas and then dividing the total AF product by the

total area. For exarple, in computing tha AF product from the cone to th

9]

sphere, the total AF product is oblained by addinz A(S)F(3,6), A(S)F(3,T),
A(3)F(3,8),4(0)F(L, 6), A(L)F(L,T7), ana AL)F(L,8).  This is divided by the
total area of the cone which ig given by the sum of A(3) sng A(L) to give th
shape Tzctor from cone to sphere. Note that the shape factors themselves are
not additive. , .

The AF products from cone to sphere are .12L with single dependent
variable or .132 for the partitioned surfaces. The AF product from the cylinder

to cone shows more variatlion as would be expected since the points on the lines

-l
LOCKHEED 6-1r2
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x = 0, y = *.75 are "vertical" poinle on the cylinder with x-depcrdent. The
values of the AF product are .0133 with one dependent varisble or .019)1. for
the partitioned surfaces. From the sphere to the cylinder, the AF product
is .211 with x~dependent and .213 partitioned. fThis relatively small
differcnce in the AF product is due to the fact that the area along the
curves of vertical pointé has relatively little effect. Note that the lines
x =0, y= %75 on the cylinder camnot be seen from any point on the spherg;
thus, the areas slong these lines will not affect the AF products.

The shape factor for the partitioned surfaces can be computed by
dividing the total AF product by the area computbed.as the sum of the subareas.
This gives the comparative values of .0101 and .0104 for the shape fTactor
from the cone to sphere. The largesl difference is in the case of the shape
factor from the cylinder to cone which changes from .00178 to .00231 due to
the partitioning. Although there is relatively little difference in the
AF products between the spherc and cylinder, the difference in the area of the
sphere produces a change from .0640 to .0662 for the shape factor.

From this it can be seen that partitioning gives more accurate values
for the areas of the cone, sphere and cylinder. In general, with one dependent
variable, if the surface has a curve of vertical points, the accuracy of the
computed area is strictly by chance with no way to eliminate the possibility
of a blow-up as noted on the area of S(1). On the other hend, if a surface is
partitioned so that there is no curve of vertical points on any subsurface,
the maximum porcéntage of error is proportional to K/(GS)Q where K is a con;
stant for any given surface shape and partitioning method assuming that the
same value for GS is used for each subarea. Since the area éenerally affects
the value of the AF product, the accuracy of the area is usually reflected
in the AF product, the shape factor, or both. '

A summery of the computed AF products, areas and shape factors is

given in Table 6-5.
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TABLE 6-5

SUMMARY OF ¥XAMPIFE PROBLREM /2 'f

From To AF Product Area of Surface =

Surface s Surface t A(s)F(s,t) _‘A(s) F(s,t)
Computed | Truc

Cone S(1) 238.4 12.94
Cone $S(2) Sphere $(5) .12k 12,37 12,94 .01006
Cone Sphere S(6) +
S(3) + s(k) s(7) + s(8) .1321 12,68 12,94 .010h2
Sphere S(5) Cylinder $(9) .2110 3.297 3.142 | .06k001
Sphere $(6) + |Cylinder .
s(7) + s(8) s(10) + s(11) .2132 3.219 3.1h2 | L0662Lk
Cylinder $(9) [Cone s(2) .01330 7.455 8.242 | ,00178k

Cylinder S(10)|Cone 8(3) + :
1+ s(31) s(k) .01906 8.240 8.2hk2 | .002313

EXAMPLE PROBIEM 73

The third example problem deals with a sphere inside a cube. While
this is not a strictly @ractical problem, it is similar to any problem in-
volving an enclosed component or storage tank. . The particulax gebmetry, how-

.ever, was chosen to test the accuracy of the program. For this reason a
geometry was chosen for which the shape factors as well as the surface areas ‘
can be computed. With the- surface areas and shape factors the AF products
can also be obtained. Thus, every value computed by the program can be
checked for accuracy.

The geometry is illustrated in Figure 6-15. The sphere with radius 2
and the cube which is 4.8 units on the edge are centered al the origin. The
top and bottom of the cube are parallel to the xy‘plane, while the front
(called surface S(1)) lies in the vertical plane through (3,0,0) ana (0,k4,0).
Shape factors are computed from the front to the top, to one side, and to the
back of the cube, with and without interference by the.SPhere, as well as shape

factors from the sphere to the front and top of the cube. Due to symmetry,
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IR 18905

5 (3.35,-.48,2.4)

(.48,3.86,-2.4)

S5 (3,36, -.48,-2.4)

351 =PLANE 4x +3y ~12 =0

S'2 =PIANEZz -2.4=0

Sy = PLANE 3x -4y =12 =0

S4 = PLANE 4x +3y +12 =0

Si = SPHERE x” +y” +22 = 4 =0, - DEPENDENT

56 = SAME SPHERE , z — DEPENDENT
S7, 58’ 59 =PARTS OF SAME SPHERE

@
SPHERE
5535
.‘l’-
LOCKHEED
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Figure 6-15. Example Problem #3
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the remaining shape Tactors duplicate these. Due to the orientation of the
top of the cube, its area is not computed exactly. Thus, the shepe Tactors
involving the top are also computed for comparison with the values obtained

using the vertical surfaces.
O

Surface Tnput

Cube - Four of the six surfaces of the cube are specified as surfeces
S(1) to-s(k). 8(1) (the front) lies on the plane hx + 3y - 12 =0. 8(2)

(the top) lies on the plane 5z - 12 = 0. S(3) is the far side of the cube and
it is on the plane 3x - Ly - 12 = 0.

S(4) (the back) is on bx + 3y + 12 = 0. The near side on 3x - Ly +
12 = 0 and the bottom-on 5z + 12 = O arc not used due to the symmetry of the
problem.

S(l) is defined by input Flag O for a plane and the three surface
points (L1418, 3.36, 2.h) (.48, 3.30, ~2.4), ana (3.36, -.48, -2.4). 1ne
dependent varishle on S(l) is x and three boundaries are used. The reference
point‘(0,0,0) is at the center of the cube. Therefore, the inside is
specified by the side -index 1.0. The limits on the independent coordinates
are - 18 S y = 3,36 ana -2.4 € z € 2.} while GS is arbitrarily taken as 15.

S(2) is defined by input Flag O for & plane and the three surface
points (.48, 3.36, 2.k4), (3.36, -.18, 2.4), and (-3.36, .18, 2.4). The de-
pendent variable is z and three boundaries are used. The reference point
(0,0,0) is below the plane. Thus, the side index is 1.0 for the inside of the
‘cube. The limits on the independent coordinates are -3.36 € x £ 3.36 and
-3.36 £ y € 3.36 with GS acain equal to 15.

S(3) is defined by input Flag -1 and the coefficients 0, 0, 0, O, O,

0, 3, -4, 0, and -12. The dependent variable is y and there are two boundaries.
The surface reference point is (0,0,0) so the inside of the cube is defined by
a side index of 1.0. The limits on the independent coordinates are ~.48 S x
$ 3.36 and -2.4 S z £ 2. with GS equal to 15.

| S(h) is defined by input Flag -1 and the coefficients 0, 0, 0, 0, O,
0, 4, 3, 0, and 12. The dependent variable is y and S(4) has three boundaries.
‘ The reference point is (0,0,0) and the side index is 1.0. The limits
on the independent coordinates are -3.36 £ x € -.48 ana -2.4 € 2 € 2.} ang
GS is 15.
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- Sphere - The remaining surfaces give all or part of the sphere xe +
y2 - 4 =0. 8(5) and 8(6) show the entire sphere with different dependent
variables. Surfaces S(7) and S(8), =(9) ana S(10) give parts of the sphere.

S(5) is defined by input Flaz 1 and the coordinstes (0,0,0) of the
center plus the radius 2. The devendent verisble is x and there are no
boundaries. The reference point is (9,0,0) vhich is the center of'the~sphor§.
Thus, the outside of the sphere is defined by a side index of -1.0. The
limits on the independent coordinastes arc - 2 S'y S2and-2% 3¢ 2, with
GS equal to 15. . .

S(6) is defined Tty input Flag 2 plus the four surface points (0,0,2),
(2,0,0), (0,2,0), and (0,0,-2). On S(6) z is dependent with no boundaries.

The surface reference point is (0,0,0) and the side index is -1.0. The limits

AN

on the independent coordinates are -2 2 and -2 £ v < 2, vhile GS is 15.
S(7) is defined by input Flac 8 and the nurber § of S(6) whose
equation is to be used for S(7). The dependent variable is x and one boundary
is required. The surface reference point is (0,0,0) and the side index -1.0.

The limits on the independent coordinates are -1.41h21) < y S 1.41421k ana

~1.h1k21k £ 2 £ 3. 41k21h, yhile GS is 15.

A

5(8) is defined by input Flag 8 and the surface number 6. The
dependent variable is y end there are two boundaries. The origin is the
reference point and -1.0 the side index. The limits on the independent
coordinates are -1.h1k21k € x < 1.bakeak ang -1.h1ko1k €, < 1 h1ke1k, with as
equal to 15.

5(9) is defined by input Flag 8 and the surface numbef 6. The de-
prendent variasble is z and there are two boundaries. The origin is the
reference point and -1.0 the side index. The liﬁits on the independent
.coordinates are -1.h1h21lk £ x £1.01k21k and-1.k10210 € y € 1414210, hile
GS is 15. ‘

S(10) is defined by input Flag 8 and the surface number 6. The de-
pendent variable is z and three bbundaries are used; The side index is =~1.0
and the reference point is the origin. The limits on the independent
coordinates are -1.h1421k £ x € 1.41421) and -1.h1421k € 5 € 1.hakeak, with
GS equal to 15.
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Boundary Input

Boundaries of the Sides of the Cube - The six planes containing the

faces of the cube are used as boundaries either simply or combined into
double-plane cylinders. '

Boundary B(l,l), vhich consists of the parallel plsnes S5z - 12 = O
and 5z + 12 = O of the top and bottom of the cube combined as the cylinder
25z2 - 14k = 0, is defined by input Flag 5 plus the coefficients 0, 0, 25,
0, 0, 0, 0, 0, O, and -1kl of the equation. The refercnce point (0,0,0) for
this surface is between the two planes. Therefore, the side index 1.0 is
used. »

Boundaries B(3,1) and B(h,i), which duplicate B(1,1), are given by
input Flag 6, the surface nurmber 1, and the boundery number l. The side
indices remain 1.0. B(1,2) duplicates S(3) and is defined by input Flag -1
plus the surface number 3. The reference poiﬁﬁ is the ofigin and the side
index is 1.0. B(k,2) duplicates B(1,2) and is defined by input Flag 6 plus
the surface number 1 and the boundary number 2.

B(1,3) is the near side of the cube (3x - by + 12 = 0), which is
defined by input Flag O plus the two boundary points (.18, 3.36, 2.4) ana
(.48, 3.36, -2.4). The side index and reference point are 1.0 and the
origin, respectively.

B(k4,3), which duplicates B(1,3), is defined by input Flag 6 plus the
surface number 1 and the boundary number 3 The side index remains 1.0.

D

B(2,1), consisting of the two perpendiculer plazes S(1) and S(3)

combined into the cylinder 1255 - 12y2 - Txy - 8hx + 12 y + 1k = 0, is
defined by input Flag 5 plus the coefficients A through J of the equation.
The surface reference point (0,0,0) and the required portion of 8(2) are in
the same angle of these planes. Thus, the side index is 1.0.

B(2,2) consisting of the back S(4), is defined by input Flag -1 and
the surface mumber 4. The side index is 1.0 and the origin is the reference
point.

B(2,3), consisting of the rear side (3x - by +12=0) of the cube,
is defined by input Flag O plus the boundary points (-3.36, .48, 2,4) and
(.48, 3.36, 2.k),
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The reference point is (0,0,0) and the side index is 1,0, Note that
this does not give a closed system of boundaries for S(2)jsince there is an
unbounded area in the opposite angle of B(E,l) which is nbt closed by either
B(2,2) or B(2,3). Since exact limits are specified for the independent vari-
ables on S(2) only one row of grid points crosses the unﬁounded arca. Depend-
ing on the orientation of the boundary planes one or more of these grid points
will be in the interior of the region. 1In this case, the cylinder of inter-
secting planes 5(2,1) produces one extransous grid peint. This adds
200704 = [(6.72)2/(15)2} cos (0°) units to the area of S(2). Thus the com-
puted area given in Teble 6-8 should be 22.68 or 1.6 percent lowv.

B(3,2), consistinz of tie franu, S(1), end the back, S(4), of the

LTS Q q . C .
cube combined as the cylinder 16 o+ 9y~ + 2hxy - 1Lk = 0 is defined by
input Flag U, the five boundery voints (.18, 3.36, 2.L), (3,0,0), (3.36,
- 48, -2.L), (-3.3%, L&, 2.1), end (O,—%,O) rlus the direction numbers

(0: 0: 1) of an element of the cylinder. Since the surface reference point
(0,0,0) and the required area on S(3) lie between these planes, the side
index is 1.0.

Boundaries of thz Svrers - S(5) and 8(6) require no boundaries, but

the sections S(7), 8(8), 8(9), and S(10) of the sphere each require boundaries.

S(T), S(8), and S(9) partition the sphere in the same way that the sphere in

exanple problem #2 was pEY Ezoqed, while S(WO) ives one half of S(9) by
using the two planes of E( £) individually as separate boundaries.
; 2 2 2
B(7,1), consisting of the cone x -y - z° = 0, is defined by input

Flag 5 plus the ten coefTicients A throuch J of the equation of the cone. The
surface reference point (1,0,0) and the side index 1.0 define the two caps

of the partitioned sphere, which are centered on the x-axis, as shown in
Figure 6-16.

B(8,1), B(9,1) and B(10, 1) all duplicate boundary surface B(7,1). Thus
they are deflned by input Flag 6, the surface number T and the boundary surface
nuiber 1. Since these surfaces, S(8), S(9), and S(10), are on the outside of
the cone, the side index for each of these boundary surfaces is =-1.0.

B(8,2), consisting of y2 - 22 = 0 which combines the two planes
Yy-x=0andy+ z=0 into a cylinder, is defined by input Flag L plus the
five boundary points (0,0,0), (0,1,1), (0,-1,-1), (0,1,-1), end (0,-1, 1),
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toéether with the direction mumbers (1: O: 0) of an element of the cylinder.
The surface reference point is (0,1,0) and the side index is 1.0. 7

B(9,2), which auplicates B(8,2), is defined by input Flag 6 plus the
surface nmunber 8 and the boundary number 2. Since S(8) lies in the angles
of y2 - 22 = O containing the xy - plane, while S(9) lies in the anglee con-
taining the xz - plane, the side index is -1.0 for B(9,1). .

B(10,2), consisting of y - z = 0, is defined by input Flag 1 plus the
three boundary points (2,0,0), (-2,0,0), and (1.h1k21h, 1, 1). The reference
point is (O,l,O) and the side index ~1.0. '

4 -B(10, 3), consisting of y + z = 0 is defined by input Flag 1 plus the
three boundary points (2,0,0), (-2,0,0), and (1.lh1keil, 1, -1). The reference
point is (O,l,O) and the side indcx is 1.0. Note that while the union of the
B(10,2) and B(10,3) produces the sare boundary surface as B(9,2), S(9) and
5(10) are not the saue. The two boundary surfaces, B(10,2) and B(10,3),
acting together give one half of s(9), namely the half that intersects the

positive z -axis, while rejecting the part which intersects the negative z axis.

Computation Control

Grid points are required for all ten surfaces. The surface-to-surface
shape factors F(1,2), F(1,3), F(1,4), and ¥(2,1) are computed as if the sphere
were not inside the cube. The shape factors F(1,2), ¥(1,3), and F(1,4) are
' by the sphere S(S). The shape factors F(l,S),
F(5,1), F(6,1), F(7,1), F(8,1), F(9,1), ¥(5,2), and F(6,2) are computed between

all or part of the sphere and the front and top of the cube. To indicate the

then computed with interference

relative importance of the areas at the intersection of the coordinate axes and
the sphere, as well as the area at the poinf on the sphere closest to S(1) in
the computation of the shape factor from the sphere to the front plane of the
cube, eight point-to-surface shape factors are requested by supplying four

sets of independent coordinetes. Since each of the three rairs of points
(0,0,+2), (O,iQ,O)and(iQ,0,0) requires a different dependent variable, three -
entries are required. The independent coordinates 1.2 and O of the closest
point (1.6, 1.2, 0) and its companion point (-1.6, 1.2, 0) are added to

the independent coordinates O and O of (#2,0,0) in the third entry. The

computation of the area A (1) of s(10) completes the computation.
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Discussion of Problau

The input sheets and the output for this problem are shown in

Tables 6-6 and 6-7. In the closed symmetric geometry of this problem all

’reasoning. The only outside informetion required is the well krown result
that the shape factor frowm a square to a parallel square is .2 if the sqﬁares"
arc exacltly opposite each other and the distance between then is equal to
the length of a side. These conditions are exactly met by the front and
back, top and bottom, etc., of tﬁe cube. ~

From this it can be reasoned that the shape factor from any surface
of the cube to any other surface of the cube must be .2. Since the cube is
clogsed, the sum of the shepe factors from one side to each of the olher
five sides must be 1, but the factor to the opposite side is known to be .2.
Thus the sum of the shape factors to the four adjecent sides is 1 -.2 = .8.
By symmetry these four shape factors must be equal and the shape factor from
one side of the cube to an adjacent side is .8/k = .2. Thus the shape factor
from anyAside of the cube to any other side of the cube is .2.

Consider the case where the sphere is in the center of the cube.
Since the sphere is completely enclosed, the swn of these shape factors must
be 1. Again, by symmetry, the shape factors from the sphere to each of the
six sides of the cube must be equal; therefore, from tue svhere to any one
side the shepe factor is 1/6. Using the fact that A(1)F(1,2) equals A(2)F(2,1),
the shape factor from a side to the sphere can also be cozputed. The area of
sphere of radius 2 is 50.26, while the area of each of the sides is 23.0L.
Thus, the AF product is 50.26 x 1/6 = 8.377 x ¥(2,1). From the shape factor
F(2,1) from plane to sphere can be obtained as 8.377/23.0k = .3636.
' The shape factors from side to side with interference by the sphere
cannot be computed, but it can be seen that the factors to the other four
sides should be equal and considerably larger than the factor to the opposite
side,AWhile the sum of these five factors should equal 1 - .3636 = .6364,

Table 6-8 shows the computed and actual values for the AT products,
the areas and shape factors computed for this problem. The top entry in each
case is the computed value while the bottom is the true one. The identification

sphere -X, sphere -Z and sphere -P, respectively, are used in this table for
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SUFMARY OF HEXAMPLE

an inirs
TABIE 6-8

y g
PROBILEM 43

o
ace t

AE

Cr\ TpU +

Product

zr)'-u F‘@C, o

Py

(10X

y____|> Af‘g of Surface s
i/ e onpu Led /rr»,~Ue

Co Hpu ted i/‘l? ne

Top S(2) Front (1) . 680 L .20L5
I L. 608 | .e000
Frout u( Top 8(2) L.680 .2031
L.608 2000
front S(1) | Side 8(3) L. 815 L . 2090
4. 608 . 2000
Front S(1) | Back s(L) 4,610 01
Lh.608 00
Front S(1) | Sphere-X | T.928 37
8.377 36
Front 8(1) | Sphere-2 | 6.951 17
A 8317 36
¥ront S(1) | Sphere-P 8. 365 39
8 a 8.377 530
Sphere - P | Front S(1) 8.365
. E 377 )
Sohoere ~ X | Front (1) 6

Sphere - Z

Svhere ~ X | Top 8(2)

Srhere - 7| Top S(2) 2O b
L 37 o0.
“rowL q( ) l op 3(9) 3.58 23.04

u*iP Ipuo Terenc

|

e bJ s(5)

is correct,

(1, ) witn interfecence by S(5)

: 3
Front 5( ) s(3) 3.0 23,0l
With Interference by S(5) 3.50 “23.00 L152 %
Frort 8(1) | necx s(h) 650 e3.0h .029
WVith Interference by £(5) 23.04 029 %
*These "true" values are corputed on the asswiption that since m(1,L)

is correct.
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- f /7 Y .
piaere with x-dependand, S(o), the sphere wit

the valuesicémpuied Tor the entire svhere from the AF products end arcas
computed for the subsurlfaces S(T), 8(8) and S(9 ) of the partitionad sphere.
The true values used Tor the three shepe factors with interference
are based on the assunpltion that, gince the AT product ang shape Factor fros
the front surface to the bac . vithout interference, F(l ), 1s correct to
threc significant fi 1gures, the value of the AR product and F(l,h) with
interference will be correct to three sig .i|iCd t figures. Therefore, since
F l,h) = 029 with interference and the sun of the Tive shape fectors Trom
€8s ctors F(l,?) and F(l,3) should
be (636 - .029)/14- < o102 and the AR procucts .152 x 23.0h4 - 3.50.
)

s rust equal 6J6 the shave fac

}
arca of S(1) is ewact. Thie is dne o the facl that s(:

of the limits on the dependent coordinstes cractly, 5(2) does not.  Any
plane areca such as S(l), 8(3), and S(h) which covers tle rectangle of the
dependert coordinstes is corputed exactly regardlese of Lhe number of grid

points used. The ervor on S(2) is causeg bty points vhose diffTerentisl areas

overlap the edze of the surface.

e majority of thege points
happened to be inside the square S(Z), thelr arcas would be included and the
area would have been toco large »ather 1hen too small.

culty can never 1

ol independent coordiunetes, the number

resultant in

i aceuracy. On the schere the arong computed on 8(5)

and 8(6) are aff

(_*.
&
(1]
)]
@
£
©
[¢]
o
=
)
}.
lan
o
o

&g the coie S(l), the sphero

-

€ Y
S(S), and the c¢;rlinder 8(9) in example probliom S0, B, partitioning the spliere
into three subaress, the errcr is decreased from 11.17 to L2167,
I comparing the AF products and shape factors for the cube, it is
noted that the factor F(1,4) to the opposite side is exect while the Tactor
to the top ang adjacent sides are Loo high. This is entirely due to the

areas very close to the commnon edge. This inaccuracy can be reduced, butl

5
o
@
@

entirely eliminated, by vertitionins,

LOCKHEED 6-82
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IR 18905

If the subareas sre concentrated along the common boundary, the
partitioning gives the most improvement for the least cost. Note on the AW
products the differences bebween computed and actual for both F(1,3) with
and F(l,3) without interference by the sphere are almost identical. Wnile
these differences for F(l,?) with and without interference arve very close to
'the same value. This indicates that the error is principally confined to the
area nesr the cormmon boundary.

The AF products and shape factors from sphere to plane show the effect
of the choice of dependent variable as well as the advantage of partitioning

The effect of the area on the plane is shown by the corparison of the values

r+.

computed for the front and the top. With the accurately compubed front and
o

x ~dependent (the best ch ) the AF product shows on error of -5.5% and the
shape factor an crror of +6.8%. . If the z is dependent (the worst choice),
these errors become ~17% and —6.3%, respectively, while with the partitioned
sphere these errors are reduced to +.05% and - 055,

Coriparing the AF product from sphere -X to the top and from sphere -7
to the front, the difference simply mirrors the low ares computeld for the top.
The size 8.29 of the AF product from sohere -2 fo the top is explained by the
fact that the top (0,0,2) of the sphere where the grid poinmts are most densely

packed is also the point closest to the top of the cube, while on sphere -X

the densest collection of grid points is around (2 0, O) while the point
closest to the front of the cube is (1.6,1.2,0). Thus the effect of the

reduced area for S(2) (the top) on the AF product is relatively small. The
point-to~surface shape factors show the varistion in importancé of the
differential areas as the point moves away from the point (1. 6,1.2,0) where
the sphere and the front are the closest. At (1.6, 1.2,0) the factor is
.98M at (2,0,0) the value drops to .052, and at (0,2,0) the Tactor is only
«319. At the top of the sphere at (0,0,2) the value has dropped to only .005.
These values show the importance of concentrating the grid points ncar the
point vhere the distance between the surfaces is a minimum.

Taken as a whole, this problem illustrates most of the factors which
affect accuracy. Additional cases such as from the bottom to the top or from

the partitioned sphere to the top could have been conputed, however these

LOCKHEED 6"83
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from bovuc"

shave factor ithe Al
factor from the partitioned sthere to the too, the AF »rcduct woulrd

smaller wiich would decrzase the shaoc

and result

accurate AP product but less accurate shape factor.

N

As noted in the boundary input section, page ¢

corposed of intersecting planzs is an improper boundary
there is an unbounded area ir the opvcsiie ansle of tho doubkle plare
o) 15 1o plans

Under the conditicns imposcd cw the geonctry of S(&) one extransous

is producad. As & rosult the aven of S(2) inclndes an ares which is nob a par

Thus the aren of S(2) siould be 22,779 fistoad of 20, the correspon ‘
L N B . rr . - . e 4 .
error 1.6% rather than .7%. The distinction belweer the use of two inter-

the use of the same planes as

ined by vsing a double vlare cylindar o
8(9) includ two opoosed seclilons of

u
vlares are used

le section or one-hall of 3
emphnasise the fact that a bonndarj cylinder
splits the surface intc Tour sections which are grouped in two sets of

opposed sections. This is very useful for the vositioning of cones, cylinders

=

spheres etc. as shown in Evample problems 2 and 3. 7o additional surfaces

would be required for each of these if si: 1sle plane boundaries were used in

place of tile donble plane cylinders. Note that for the spheres, a boundary

cone has a similar proverty. However it has alsc bean shown thabt uneritical

J
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usé of this. t
intersecting
required.

In th
ter time with
rectly as the
surface incre
both surfaces
to 20 for the
of (20/15)*

it

grid points a
crease of GS
split into a
With GS = 10
with G5 = 20
the problem,
9(10/15)* = 1
21% saving in
increased for

surfaces with

from .2090 to

provement in
for G5 = 15 i
change would

assuming GS =

LOCKHEED

CALIFORNIA COumany

ype of boundary can leed to error. In gensral the cylinder of

planes should be used only vhen aveas in opposed sections are

is provlem relatively small values of GS were used to save compu -
ut & serious loss of °ccuracy. Since conputer time varies di-
product of [GS(l) x GS(2 )' 2, doubling the value of G3 on one
ases the computing time by a factor of h while doubling GS on
increases the computing time by a factor of 16. Increasing GS
sides of the cube would

(4/3)% = 3.16

long the common boundery would be more economical than an in-

increase the computer time by a factor

A partitioning scheme which concentratesz the

on the unpartitioned surface. For example each plane could be

half and two quarters with the quarters along the common boundary.

)

onn each of Llhe suhsurifeces, tha accursceyr wi
) J

cur
N b (SRS A0

r

on the unpartitioned surfaces. Without utilizing the syrmetry of
this will reduce the computer time Factor from 3.16 to
6/9 = 1.78. Utilizing symmetry gives L » (10/75 .19 or a

computer time. Alternately the (S on these surfaces could be

further accuracy for the sams
GS = 15.

2068, or a reduction from L.5% error to 3.4% error.

computer time as the single

The shape factor from front to side would be reduced
The im-
the factors to the top and back will be less since the error

s lower. In computations involving the vartitioned sphere the

¢

O
~f
be less than .1% at a cost of a (o% increase in computer tinme,

15 for each

6-85




coefficients of the eguations for the given
for each surface type in ths order listed in S=ction IIT.
two subroutines

simultaneous hom

o

for the trancstorn:

AFPENDIX A

BERIVATION OF SURFACE INPUT EQUATIONS

This appendix describes the translation of the program input data into

surfeaces., Eauations are derived

As a preliminary,

are consider=ad. The first

linear equations
4 J

~b . M . .
Lavs Dyoudilin,.

iy

In the routines for computing surface eguations, the coefficients

frequently occur as the solution of simultencous homogencous lincar equations.
Assume a systzm of n eguaticns in thz verisbles VJ J=21, ..., (n+1)
representad by:
a V, 4+ 8., Vot o i e i ie i e -+a =0
11 1 2 2 o+ 1) "(n+ 1)
& V. + a vV, + e et e .+a Vv = 0
21 "1 7 Yoz Yo 2{n+ 1) (n+ 1)
-] ©
® °
® ©
a V, + a Vo4 ... et e e, A \ = 0
nl "1 ne 2 n(n + 1) (n+ 1)
et [aij] represent the ratrix of coefficients of this system. Since
there are n equations in n + 1 voriables, the matrix is rectangular of size

nby (n+ 1).
matrix.

colum of the matrix [ai

Thus, the removal of one column rgduceo this matrix to a sguare

Let [aij]n represent the square matrix obtained by deleting the k-th
I
J] , and let det [a

] repres enf the determinant of
ij'k

LOCKHEED A-1
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P

[a,,q . In this notation, the solution o
ij'k ?

this program is given by the equation:

k

The principal value of this soluti
solution Vi = O for all k = 1, ..., (n+ 1

capable of defining a single . surface. For

\

are chosen to define a sphere and the four

a circle, there are an infinite nunber of

pvoints are not no s

consider tnrce

to this problem has to include the equation

these points. In either of

solution Vi = 0 for

a
program operation. First, it cancels all
thersby saving computing time Aad second
v a (&)

As an example of the differcnce in
equation of a family of surfaces, consider
(1, 0, 0), (0, 2, 0),
(2, 1, 0), (2, 1, 3),

form is:

and (0, 0, L), as we
and (2, 1, 17). The

x+ y/2+ z/h=1

However, from this it can be seen

G

coefficient of 2z, the planc will also be d

4Cx + 2Cy + Cz - LC = O.

T the system of equations used

v, = (—1)(k + 1) <det [aij] k) k=1, ..; (n + 1).

on is that it reduces to the iriﬁial
) whencver the input data are in-
example, if four coplanar points
points are on the circunfercnce of
spheres throush the points. IF the

nere coataining the four points. Or

rel solution to the equations reletzd

he program gives the trivial

05}

). This has a double effect on the

computations reguiring this surfacs

1y, it provides & flac to shhw that

input.
the equation of a surfacce vs. the

he plane through the points

.

that for any non-zero value C of ths

&)

efined by the eguation

Note, that in effect, the other three coefficients are written as

linear functions of the single coefficient
equation of a surface, that thz coefficien

tions of any of the non-zero coefficients

LOCKHEED A-2
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independent coefficient giving a set of coefficients for the same surlace.

On the other hand, the equation of the family of surfaces is:
Ax + By - (24 + B) = O

In this equation there are two independent coerficients, hence no two

can be written in terms of the third. This is also characteristic of families

of surfaces. Thus, it can be seen that if ths general solution Vi, oo
Vh 4+ 1 of the n simultaneous homogencous equations is to define a surlace
rather than a family of surfaces, it must be possible to write each of the
variables Vi as a linear function of any non-zcro variable Vy,-

A variable is called a non-zero variable if there (isvs a solubion in

b

€
which 1t is non-zero. Assums that Vy is a non-zsro varieble and write the
system of equations in the form:

210 it e ) Vit e Ve oo %1 (nt1) Vne1 T "81n Yy

& a / e = -
n(h-1) "n-1 YV fn(ner) Vel t #n(n+1) Tnel T "n Vi

From the preceding discussion, it can be seen thalt if the variables
Vi, ..., Vhep are to be the coefficients of the eguation of a surflace, these
equations considered as n non-honogcncous equations in the n variables Vi, ...,
v Vv, ceey V must have a unique solution in terms of Vi,. But this
h-12 Yhelo > Ynpl h
means that det [ a. . is not zero and Cram=r's rule can be applied. However
iglh = ?
this rule is modified here so thal the determinant in the numerator for the
unknown Vi is det [a. . This 1is accomplished by factoring -V from, and
. k ij ik = N & n s
rearranging the columns of, the standard numerator determinant. As a result
o O > J

the variable Vi if k # h is given by:

v, = (-1)(k-n) v, (det [aij]k~> / (aet [a55) h)

\

LOCKHEED A-3

CAL "ORNIA COMEaNY



N

If Vh is now given lhe value (—l)(h+l) (det [aij ]h>’ the egustion for

Vi reduces to:

<
I

K = (—l)k+l (det.[aij]li>

Note that the expression for Vi is dindependent of h and that if k¥ = h
the equation gives Vy its own assigned value. Hence, on the assumption thaﬁ
there exists a k = h so that det [aij]ll # 0, the eguation for Vi holds for
all k =1, ..., n+ 1. Tracing this assumption back through the previous
reasoning shows that this assumption implies that the non-homogeneous equations
have a unigue solution. Hence, the variablés can be written as unique linear
functions of & non-zero variable Vy,, which lmplies that the vardiables
Vi, «oes V

npl are the coefficients of an equation of a surface. On the other

hand, if det [aﬁﬁ ]b = 0 Tor all k = 1, ..., n+l, the non-homozensous edualbions
ijik &

have no solution. Hence, the variahles cannot be written as unigue linear

functions of a non-zero varisble and Vi, «+., Voo are the coefficients of a

family of surfaces. This dewmonstrates that the exvression for Vi gives ths
desired solubion.
In several of the formsts, the equations are first computed in terms of

a translated and rotated coordinate system »", y", z". 1In each such input

AL . .

format, the voint which is to be the origin in this transforwed systen is

called Py with coordinates (XO, Yo Zo)- Hovever, since the

routine is oenterad zt 4

Ealia) .

<
fTerent steps in the various csses. To Tacilitate the

[

indexing throuéhout, the direction cosines of the x" suis are called N, W, v,
of the y" axis Ay, p1, vy, end of the noaxis Ny, po, vo.  Using this notetion,
a transformatiod routine is developed to reduce the eguation A"x"2 + B"y"E 4
B"z"2 4+ 2G"x" + J" = O to ai equation in x, y and z. The equations of rotation

relating x", y", 2" to axes x', y', z' throush Py but parallel to X, ¥, 2z are:

x" = Ax' + py' 4+ va!

y'oE N x4+ Pyt o+ vpat

2" o= Nox! + Hoy' + voz!
LOGKHEED A=k
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Substitution gives:

, . Y- 2 o
AN I T B Ry " t , t 1 2 . _ -
A" (N Ky vz')T+ B [(Xlx + By + viZ ) - (,\Ex‘ 4 pgy' + V.C_"Z')

+ 26" (Ax" +py' +vz!) + J" = 0
Squaring and grouping in powers of the variables gives:
1" 2 1" 2 2 " 2 ' 1t 2 . 1 ‘ 2 2 2
[A X+ B (xl wa, )] s |an® e (017 + 0y )Jy'
w2 uf 2 p) 2 1. i .
4-[Av + B (Vl -V, )]z' +2[A')\p+B (xl byt )\Bpg) »y!

p " +-n ' '.,
+a[A Av+ B ()\lvl+)\2v2)]x z' +

+ 2[A"pv+ B" (}Ll vy R, v2) ]s«' z' + 2GT Ax' + 2G" py!

Substituting for 14 ives:
Wwastituting for )\l’ by vy and )\2, oy vy gives:

o} o . .
[B” + (A” _ B”))\Li]X'J + [BH + (Azs - B”)p?]'j'g + [ Brv 4 (Au _ ~117>VL ],.7':g

+ 2(‘!&" - BH))\HI(_\[( + 2(‘[;11 _ BH))\V,‘J:,( -+ 2(A” ~ %H)Pv;’,r?x
3 Ee L BU)pvy 'z
+ 26"\ 2G "yt F2gvz kI =0

Which is an equation of the form

12 ' 2
A'x'S + By 4 02T+ oDix'yr b Ryt 4 PR'y's' 4+ 2G'x" + 2H'y!

+2I'z" +J =0

Translation to thée x, vy, z axes is accomplished by means of the

)

equations:

o
!
y y YO
z' =2 «¢g
o
LOCKHEED A-5
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Substituting for x', y', and z' gives:

}
7
f
§
I

2 2 :
A (x - %)+ B (y -y )7+ C (2 -2 )%+ 2D (x-x) (v -v,)
+ 28 (x - xo) (z - zo) + 2F' (y - yo) (z - zo)
1“ - 771 - - -] L—
+ 2G' (x xo) + 2u' (y yo) + 21 (=2 zo) FoJ 0

Clearing parentheses and collecting in powers of the variables gives:

2 2

A'x B'y ™ + C'22 + 2D'xy + 2h'xz + 2F'yz + 2F'yz

-J-

+2]ar - (Aﬁx + D'y + E'z >] % + 2[ H' - <D’x + B'y + F'z )ly
O o] O @] 9] O '

+ 2 I‘—<3’X+F'y + Qg )]Z+|J'+A'x2+B'y2+C'z2
O O O O O (@]

2 A
t ) t o1 s 1 1 ] =
+ 2| D'x ¥y +Exoz +lyozo <CxO+HyO+IAO)” 0

Assenbling this iaformation gives the followling eguations for the
reneral quadric in x, y and z. These equations conprise the transformation

subroutine which is used entirely or in part to trsnsform the equetions into

the x, ¥y, z coordinate systeu. This roubins transforms only equations of the
‘ form A"x"2 + B"y"2 + B"z"2 4 2G"x" 4+ J" = 0 into the eguivalent eguation in

the x, y, z system. However, parts of this routine can be used for the trans-
formation of equations of slightly different form. Therefore, three entry.
points for this routine are identified. No alternate exits have been provided
as there is no use for vartially transformed equations since the program

requires that every egquation be in the sams %, y, z coordinate system.

\
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- ! .
Entry #1 for the complete transformation routine

Gl = Gl K
.H' _ an

I' =aG"v

I
>,
o,

Kl

. . . mtry #2 if G', H', I' and K' arc known or must be comnuted

independently:

A = B" + KXK'\ D:K’)\p
B = B" + K! 19 E = K'\v

C=38"+Kv F=Xpy

=" - (DXO

o+
os)
L‘I
+
]
s
O
~—

o Yo ¢ |
.
S L T T : B -
= v By T Cs T 42 Dn g 4 B e o+ T |
@] G (@] e (@] “C C
® S NS A AE |
O O O

Considering the surface cqualion computations in the order given in

the format table, the firss input format reguiring couputation is the planc

RO
given threc points. For & planc, the gqusdric eguation 0(x, v, z) = O reduces

to the linear equation

N

(]
pe
“

2Hy + 2Iz +J =0

LOCKHEED A-T
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Substituting the coordinate

[5)
@]
o)
¢}
o
o
oo
o]
]
CL
o
(6]
ct
=
[
]
6}
[™h
=
o}
-
-
™
5
=y
on
o)
o}
ke
O
e
[
e
(03]

¢ + + I+
2le ZylH Qle Jd =0

2)(2(} + 2y2H + 2221 +J =0 ' .
2X,G + 2y H+ 22T + J =0
37 T3 3
. These equations can be solved by the general solution already

developed. Howaver, since the coefficicnt of J in the first equation is +1,

hence never zero, this sclution cen be shortened by solving for G, Hand I

by lhe general solution and then obtaining J from the equation:

s
- = =2 X + Hy + .
: J (G + Hy, Iz, ).
If the center P = (XO, Voo zo) and the radius (R) are known, the

equation of the sphere is

2 2, 2 2 2 2 2 )
+ + 725 - X -2 - 27 7 + (x ° + + - =0
b'e v Z 2xof ?yoy 2407 (}O Y zZ, R

Hence

o3
1
to
il
Q
!
,,._l
W)
1l
=
I
=5}
1l
C
(&}
]
I
w4
]
H

5
H
1
t
N

® 2, 2, 2

2 e
and J = X, + Y + z - R are the coefficients.

If four points Pi = (Xi’ Vss Zi) i=1, e It on a sphere are given,
substitution into the standard equation of the sphere gives the four linear

simultaneous equations:

2x.G + 2y . H + 2%.T +J=—(x.2+y2+z.2> i=1,
i i i i i

LOCKHEE A-8
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b
oo
hl
!
S
B
no

2 : i
r s + Zs ) then Cramer's rule gives the solution for
G, Hand TI: .

fout

I
N
Q

o}
e

]

}_J.
et

H

i

——
o
(0]
(-L
bad

b

Y]
c

-

AY]
N

o

»
s

~— S S

~
-
H
il
}_.J
»

.
i~

the dirccition numhers of 4

m =y - 3

n =z, - Z

-3
=
(0]
i
ct
o
D
O,
lL._J .
I~
[¢]
0
s
|4l
e
Q
Q
I
—d
c

125 of the axis may be obtained from the

equatior

ol
n

Q
1l
—
-
+
=
+
o]

n
~—
i

n/d

-
il

vy = n/d

LOCKHEED A-9
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+

Since G" = 0, the cocfficients G', H', and I' will alco be zero.

Thus, computing time can be saved by settling G' = H' = I' = 0, B" = 1,

K' = -1, J" = -R= and using the second entry to the transformation routine.
In the casc of the right circuler ¢ylinder given the direction

numbers (1: m: n) of an element plus ihree points (PO, Py P2) the Tirst

step 1s %o establish a coovdinate systen, ‘
The point P is taken es the origin with (1: m: n) as direction

numbers of the positive x" axis. Now at least one of the numbers 1, m, and

‘ n must be non-zero. Therefore, starting with n cach will be tested. If n is

not zero, the direction numbers of the v'"' axis are computed by:

= (1) + ma )/
nyp = =0 Fmny)/n

If n =0 but o % O then the direction nurbers are given by :

“J = (Zl - ZO)
Firnally, ifn =m = 0, set 1, = O and . = (y. - v )

‘I. 1 1 1 .%o

In eany case, the directicn numbers of the x" and yv'" axes can be
turned into their respective direction cosines as in the preceding case. The

dircction cosines of the z" axis are computed by the equations:

LOCKHEED . A-10
<

ALIFONNIA CoMtany




Ao SHVy TV,
}lzzv)\l')\vl ‘
Vo Thy ek

Fow the y" and z" coordinates of tho points P and

by the equations:

)\l (Xl - XO) + l“‘l‘l (yl - Y

" — -— - b -] r, - T
Zi _)\2 (Xl XO) +P-2 (yl , ) k ‘12 (Z’ ]‘O) 1
Note that the tranaformed ceordinates of P oare (O
O

a cylinder with elements parallel to the x"

winecessery. Since the cylinder passes through PO

the eguation is:
N

0

ne

y + Z"2

+ 2H"y + 21"z = 0

Substituting the coordinatez of P] and P? gives:
Zy;{ H' + 221 = - <}i’2 + /3'2) i=1,2
‘ The functions u, ul and u, '.J‘ill be defined by:
w=2 (3 o - o )
(51 ) 1,

LOCKHEED
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Po can be computed
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Then Cramer's rule gives H" and I" by the eguations:
(ulzg - zlug)/u
(3\’1“-2 - uyp)/u

Since H" and I" are given rather than G", the intermediate rotated
coefficients G', H' and I' must be computed before entering the transformation
routine. Since the rotation equations are homogeneous, the degree of a term
1s unchanged by rotation. Hence, only H" y" + I" z" must be considered.
Substituting the rotated varisbles for y" and z" giv

SiH

e
H”(K,x'1qﬂy'+\&z')+1”<xgx'+p2y’* ) (W\lﬂ'flg>x'

+ (}‘"Pl -+ I”p?)j/" -+ (an

Thus the coefficients G', H' and I' are

GY - H“)\] -+ ]:H)\’j
H! - H”p.l + I”,_Lg

It =Hv, + I'v,

Thne coefficient
J" = 0 and using entry if
on

The computeati

given for the right circular cylinder using the dirsction nurbers cf an

s 7 SZ;"S"COZT] wnich is:
2 1 -
B'y” + Cre"T o+ 2F " y” Z” + 21 y” + 2 ”Z” =0

The corputation of the direction cosines of the axis sysvem and the
Y3, z°, coordinates of the surfece points is accorplished using the eguations
develeped for the right circular cylinder. However, for the suriace points
the index 1 will have -a range from one to four rather than one and two. Sub-
stituting these points into the equation of the arvitrary conic cylinder

gives four homogz

simultancous equations which can be solved by the

general method:

" 2 R 2
Y . Z .
as hs

LOCKHEED A-12
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Since the equation of the arbitrary conic cylinder does not it the

format of the transformation routine, the rotation must be perforned

independently. Using the same equations of rotation, the equation is:

5 :
1 ro4 rto 1 . " t t 1
b <Xlx Pqd v,z ) e <K2X PRy FL%Z )
+ 2op" 't S T Yoyt ‘
eF (Xlx Py v,z )(xgx szy %f >

+ 1 o '+ ' . -1t YR v ot ) -
2l (le fply v,z )'*EI <X2X Ko Vo2 ) 0

Removing parentheses and collecting terms in powers of the varlables

ives the eguation:
&

<B" U LI WPl xz)v'g + (B" L O o g1
1 2 1 } 1 P‘E ko oo+

n 2 1" V 2 U ) - ]2 " N 1 ' " 1 Il )J
.<B Vl + C 5 + 2F vlvg z + 2 [B )\llil + C )‘EHE + F <}‘1rl2 + plhg

x'y' + ElB”Alvi  CUAL Y, + F”(Alug + U

1 1 " i3]
1>\2>] x'z! + E[B }.lel + Clu. .V

oVo
F”(HlUE ! vl”E)] yiet 2<H”A1 B IH)‘E) Xt 2<H"“1 ! I"*“Lz).y' *

Q(I”V:L + Inpg) ot = 0

Note that the coefficients G', H' and I' of x', y' and z' are those

that were derived before. Thus the rotated equations are:

s
i

— 1 2 + 1" 2 4 Al
A =B A CoA, 2F Ao
P
B =3B By + C Py *F By By
— " 2+ n 2 21!
C=238 v, C vy~ + 2F v,

_ T 1" 1 ‘H N
D =B"\p, +C Ao By +F ()\lpg +plx2)

1" 1" 11
B\ V) + C'\P, + F (xl v, * ”1)‘2)

LOCKHEED A-13
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F : B.”p;l_ul + c”pg v, + P (ply2 + p.iljg)
G' = H”Al + I”)kg
H' = H'py IV gy,
I' =H'y + 1”1/2

1

~ . . 1 .. .
The transformation roubtine from entry #3 gives G, H, I and J.
If the axis of a conic of revolution is taken as the x" axis, the
eguation of the coric of revolution is:

+ B"y”2 4+ B”Z”g + 2GHXH +J" =0

r - e A . B L " . "o T e
Using the cylindrical ccerdinztea (", p", 0") where P is distance

from the x" axis and #" is the angle around the x" axis, this equation becomes:

I's I's

A”X”d + . BY pd + ZG”X” + J” = 0

Note that since the surface is a body of revolution around the x"
axis, this equation is independent of the angle . The direction numbers of

the x'" axis are:

1 = Xu - Xo
m = ybr - yo
n = ZM - zo

These are reduced to direction cosines by the method developed for the

right circular cylinder. Hence the x" coordinates of the points

+dJ
Il

3 = (x,

1> Yio Zi) i =1, 2, 3 are given by:

e

n . - - - ) + -
x'y -A(xi AO) + p(yi yo) V(zi zo)

LOCKHEED A-1L
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If di is defined as the distance from'Po to Pj and o% is defined as

the angle P;P Py, the value of ﬁg” i=1,2, 3 is given by:

The scalors 15 m, and n, of the segment PP, 1 =1, 2, 3 are

given by:

=X, - X i=1,2
15 i o) > 25 3
m, = Vi - yo i=1,2,3
n, = zgo- z, i=1,2,73

Hence di and cos ai are given by:

d,2 = 1.2 + m.2 + n.2
i i 1 i

= . otpn, fwn)/d. 1=1, 2
cos @, = (N1, *+pm, Vxl)/cl i=1,2,3

2 . .
Hence Fﬁ" ig given by:

ne 2 2 2 2 . 2 2
%_ = di - (A]j +}¢mi +'pni) = (1 - A )]i + (1 - %) m,

+ (1 - ye) nid + 2[X1i (pmi 4*Vni) +tpym n

Substituting these coordinates into the equation of the conic in the

cylindrical coordinates gives:
"2 1" 112 " " n " 2
X, A" + P, B' +2x." G"+J" =0 i=1,2,3
i i i
LOCKHEED A-15
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These simultaneous homogeneous equations can be ‘.-oh' ed Tor A", B" and
y

G" by the general method and for J" by the shoritcut: !

1'2

2
1" = 1 _ +4 i e + 1! 1
J (A x) B Pl 2G"x, )

The complete transformation routine will then be used to give the coelficilents

in the x, y, z system,

: . ’ If nine surface points (P_L’ P ) are given, their cocrdinates may
be substituted into the general quadratic eouaulon giving nine linear

homogeneous equations:

2
X, Aty Bz ~(C+ 2x.v. D +2x.z, E + 23' F o+ 2x1. G + Qyi H
- do €L - 4

hese can be solved for A, ..., I by the general method; then -J is

given by:

2 2 2 '
= - + By, T o+ X 7.+ >
J Axl By, Czl + 2 [(Dy]: + le G) Xy

t(rey v H) y + “1“

'

nterscction of the working

p..o.

‘ Since all boundsries are delined by the
surface with quadric bow -uaw surfaces, the surface equation com putations are
used wherever possible. In fact, 211 but one of the boundery surface types
are handled in this menner. The one exception is the strai ght line bouwndeary
on a plane. In this case, the boundary surface is defined to be the plane
through the given boundary line perpendicular to the given plane. Therefore,
if 2Glx + 2Hly + QI z Jl = 0 is the eqguation of the working surface l’
and if PO and Pl are points on the boundary, dlrectlon nunbers of the normal

to Sl are Gl’ Hl and Il while direction numbers for the boundary line are:

LOCKHEED A-16
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1l = Xl - Xo
m = yl - yo
n = Zl N

Henice, the coefficients Gb, H} and Ib of the boundary surface rust setisfy
)

the equations:

’ le + me + nIb = 0

Gle + H1Hb + IlIb =0

These can be szolved by the standard method and Jb can then be

obtained {rom

I = - 2(Gbxo T Hy Ibzo).

LOCKHEED A-1T
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APPENDIX B

DERIVATION OF THE BASIC PROGRAM BQUATIONS

For quadric surfaces A1 and Ag, this program gives a solution Tor the

shape factor equation:

Q - qQ
! il 2
FLQ N 2 dé, - dh,
A A B
] 2

where Ql is the larger of the two quentities, cos &, or zero and
larger of cos ¢2 or zero.

Let 01 (x, v, z) = O be the equation of A, and OQ(X, v, z) = O be the

equation of A2 where G(X, Vs Z) represents tThe quedric Torm:
2 2, 4% L o . om ~ ; :
0(x, v, z) = Ax" + Bym o+ Cz 4 2Dxy + 2Bxz + 2Fyz + 2Gc + 2Hy + 21y + J

For convenience it is assumed that x is the dependent variszble on A., while
H _L)
7z is dependent on A.. Any other choice of dependent verizbles can be handled
1Y o Y

by the program. However, since 1}
the equations for the case of x dependent on A, and z dependert on A, are
given. The machine sets up & square grid patitern in the plane of the
independent coordinates; in the case of surface A] that would be the yz

plane. This grid pattern gives the independent coordinates and the index

of each grid point. Let Pi(x,yi,zi) be a grid point on A, with independent

1
coordinates, then Bl(x, yi, Zi) = 0 car be solved for x.

2 ,
+ + ¢+ +
Alx + e(Dlyi Elzi Gl) x + [Jl BlyiE

B, & + v = 0
+ 2 (Fiyizi 4 Hiyi I,Li)]

Each real solution of this equation gives the x coordinate of a grid point

with independent cocrdinates v and zse Thus, the single pair (yi,zi) of

LOCKHEED B-1
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independent coordinates could give one, two, or no grid points. However, to
avoid "vertical™ grid points if A £ 0, the machine rejects the solution when
the quadratic has only one root.

Of course, if A =0, the equation is linear and there is only one
grid point for each pair of independent coordinestes. Xach grid point is then
checked against the boundaries of the surface Ai with the computed grid
points falling outside the specified boundaries being dropped and the
remainder stored.

Let le 5 OlV and 6&2 represent the three partial derivations of

Yy .
91 (%, v, z) evaluated at the point Pi. These are given by:

ley =2 (hyxy 4 Dy o+ Byzy + Gy)

elyi = 2 (Dlxi PRy, o+ Fyzg o+ W)

b12, = 2 (Byxy + Foyy + Cpzg + I))
Using this notation, the differential surface ares dAli of surface Al at
poiPt Pi (Xi’yi’zi) is given in termes of its projectiion dA§§) on the plane

of the independent varisbles (y and z) by the equation:

2 2 2 2 2 2
vélx. i oly. N 012, le. ) ely, N Olz,
an o i i i dA(p) v 4 i i dA(p)
14 02 1i 0 11
1%, l 1X.!
i i

Note trat this equation is undefined if glx == 0; but this occurs only if the
i .
tangent plane at’Pi 1s perpendicular io the yz-plane, hence only if Pi is a

-

5

vertical point. previously, i1f any vertical point

ererore, as was stated
is chosen as a grid point it must be replaced by four surrounding points.

Note, that only the dencminstor of this cxprcosion is devendent on the identit
2 W s

of the dependent coordinate. Hence, the function Tli is defined by:

N & 5 5
T “\ﬁly_i t Oy Oy,

1 1
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if v reprecents the dependent coordinate on At’ the relationship belween dAt‘

. T . i<
and the projected differential ares dAé})

hus, at any point, Py’ on any quadric sur

is given by:

Lz 169505

face, At’ defined by Gt (x,v,2) = O,

keS

Substituling these values into the shepe factor equation gives:

ming that ell the grid points of A, and 4,

ER)

j
-
che prograx computes an epproximate valu

@l ion. For each oo

n Ag, the program computes the intesral Vi’

[

e

113 T3 254 723

~

lJ 0'1-' . 0 -ci
LA, ~ =] .
i 2z iJd

The function Q... was define

0, where ¢,.. is defired as
1ij

j@F}

and the line segment PiP" set of dire

-f' y ] = M == M =
Pi will be Ly lei, g Oly I 6

numbers for P,Pj will Dbe
i

LOCKHEED B-3
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¢ Tor this integral using

)
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ute
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cf the two values cos &

. or
1ij
at point P,
; i
surface A, at
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o
\O

Hence the cos ¢_ .. will be

1ij '
]
lel (x. = xi) | Olyi (yJ - yl) + 9121 <Zj - zi)
€os ¢y, = o " :
2 2 2 2 . 2 2
+ + . X. - - - :
le. elyi Olzi (&J Xi) " (yj yi) N (Z Zl)

Similarly cos ¢2ji is given by:

ef) (X- —X~)+62

X, 1 . -
o J J J

2 2 >, 2
0o, * 05, +0, - (

cos ¢2ji =

Since the denominator of the expressicn Tor cos éli’ is T * s.., the value’

[y 1i 1J
of W... =3s.. T ., cos & is:
1ij ij 4iir 1i3
J = - + v -y +
Mlij Glxi (x Xi) 6lyi (°j "1) Olzi (ZJ _ 21)

Now by definition, if Pi and Pﬁ sre distinct points, Tli and s;. &re

ositive, while if P, and P, are the same point X, - X,) = Lt YL) o=
b ) i 3 b p) 3 i j 5
= 0. Hence cos ¢ will be greater than zero ii, and only if WWJ.

11 ij

<
is grealer than zero. Taus, &... is greater than zero if and only if W_. .

1ij 13
¢ive. Since the numeratlor o

is a prodauct of factors, Vij will be

P

V..
1d
zero wheaever any one ol the factors is zero. Thus, iT W

... 1s less than or
1ij :

equel to zero, V.. will be set equal to zero without further conputation. If
J i ’ pi
W... is posgitive, the corresponding factor W... = s..T.. Cos .. 1s computed
143 U F ’ 4 © 2ji 1572 i ¢231 ~ =

v
by the formula:

Vs = oy (e =)+ 0,

J “J

~

5 - yJ) + QQZJ (Zi - Zj)'

Again, if this factor V%ji

Vij is set equal to zero; 1T not Sij is computed by the To:ula given

5 less than or equal to zero the function

n

previously and Vij is computed by:

LOCKHEED B-l
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Or in expanded form it is:

desired egpproximation to the value of the integral. Similerly, if the values

TV N Y v e e 1o Eal
[ wweximale value of

of dA.. are summed over all grid points

In the compuler program, the summation proceeds by taking one point

P, on A, ard sum gince
i 1

the Tastors TH or, thoy gio

cancelled anda an not apresz in the comeutstions ence UL 1s conpuied only

to AQ.

W0Wever

o)

general share factor equations are used. The principal

putation procedure is in the grid point routine where tlere is only the denend-

J Pa
ent variable of the one grid point P. to compute. The single grid point Pi on
A1 of cource reduces the shepe factor ini al to an integral over A, only,

- .

o

but this requires no sdditional computation since with only one grid point

on Al there is no summing to be done.

N

LOCKHEED . B-




If there is an interference test to be made, it would precede the
computation of the {actor wlij' The test is accomplished by solving for the
intersections of the line through Pi anﬁ P, with the given surfacc which is

designated as A, with quadric equation (x,¥,2z) = 0. Taen, if there is an
)

intersection point which is both within the boundaries of A, and between P,
and Pﬁ, the integrand V'j is set equal to zero and the program advances to
the next pair of grid points. I no such intersection point exists, the
prdgram makes the next required interference test or if all these tesls are
finished it proceeds to the computstion of wlij and eventually V..- The
line containin Pi eand P, is defined by the three paranetric equations:

J
x=x, - (x. ~x.)t=x. + Lt
i J i i
yEyy s Gy myg) ey

+ B (yi +ML)T o+ O (2, v I)T + 2D (xi + Im)(yi + M)

+ 2E3 (xi + L) (zﬂ'+ Nt) + 2F (yi + Mt) (zi + Nt) + 2 03 (xi + It)

+ 25, (v, + M) + 21, (¢, + Nt) + J, =0
371 371 3
Clearing peare theges and collecuing terms in powers of 1 gives Lhe

2 z = . _ ) 2
AT + BM + CN +2 (DM +EN) + F MH]} +t o+ 2 {L Ax., + Dy, +
3 ' | oy g Ty v (85 + Doy,

7 + N w, + B + Z, * + BB x, + F_y. + 2z, + :
E zg + G.) + M(D g P3yi FBZi H3) I(FSAi F3Ji 0371 13) t o

2 2 T m loynl ~Tr
+ B3 y., + Cz, + €D x.y, + 2E_x.s; + 2F_y. .z, + 2G x, + 2KH +
1

374 3474 371%4 3Y3i%4 %4 374

. LOCHKHEED B-6
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Or this can be revrltten as

e
A3L2-+ B3M2 + C3NE + L(D Mo B 1) T INHH; +

(Lo, + Mg + 0, )b40(xy7):0>
3%y 3y 24 7y _.

This quadratic can then be solved, and for each real solubtion +

such that 0<t<1, the coordinates x - Xy + Lt, y o= y. + ML and z = Zi + It

are computed. Since O<t< 1 insures that the point of intersection lies
T al of A

" between P and P .» 1t is only necessary to check with the boundaries of 3

to colnplete the 1nLerfercnce test.

LOCKHEED B-7
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APPEIDIX C

PROGRAL ARRATIGFROII AND LISTING '

The radiation configurstion factor program is coded in FORTRAN TV
. and overlayed into two links Figure C-1 shows the deck setup for use
with the IBM TO9h computer. The progrem deck called "1568" in Link O is
merely a control program for the flow to Link 1 or Link 2 during execution.

The subroutine program decks contained in Iink 1 are:

1. Subroutine COMPIL reads the input for the surface and
boundary conditions and computes the coefficients for
the equation deccribing tliese surfaces and bounda~ iesg,
stores the data on tape unit 11 and prints this input
and the coefficients on the output tape.

2+  SBubroutine MDEIR comnutes the value.of determinsnts and
these results are used in computing the coefficients for

the general eguation of a surface.

The subroutine program decks contained in ILink 2 are:

1. Subroutine COMPUT reads the indentification numnbers of
the surfaces for which shape Tectors are to be computed
and prints the computed resulis, also ded
information for these co i

t & for the data of the

1

2. Subroutine VPANT searches

surfaces Tor which shape are to be compuled and
brings this data into core storage.
. 3. Subroutine QMESS computes GifTercntial sreas end performns

a nurerical integration Lo find the ares of & given surface,
also checks the input flag to see if any identification
numbers of interfering surfaces are to be read from “he
input tape.

L.  Subroutine GRID sets f?dﬂs for later computation of grid
points and dependent variables.

5. DSubroutine POINT calculates the independent v riables for
the grid of the surfaces

LOCKHEED C-1
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Subroutine DEPVAR calculates the dependent varizbles Tor

J - .
the grid of the surfaces, and checlis to sez 37T all grid points
lie within their specified boundaries. ‘

Subroutine DIRECT computes the direction numbers for each
point of the surfaces. ‘

Subroutine FIEST checks the direction numbers Tor zero
values.

Subroutine MTEST checks for shading of the surfeces if
there were any interfering surfeaces specified in the input.

Fisure C-2 is a simplified Tlow diagram, showing the logical arranze-
[&} 1 [ J O O <O

i
ment of the program and its two links. Table C-1 is a corplete listing of

the source programn cards.
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- — e — S
: A
SUNDARY YES
DATA EBEEM READ T
IN AND COMPILED?
NO
LINK 1 Y LINK 2
B | T
READ READ INPUT
i
INPUT DATA S GaD
FOR A RPAC
SURFACE NUM2ERS
AND . AND
PRINT PRINT
. - BRING INTO CORE DATA FOR
Tk SLRFACE l SURFACES FROM TAPE UNIT 11 ]
CALLED FOR F
y COMPUTE GRID
POINTS AND
DRECTIONAL
PRINT NU
COMPUTED e
SURFACE
RESULTS .
WRITE SURFACE
INFORMATION ON TAPE UNIT §
HAS ALL SURZACE DATA NO ] — —-{'—
EEN READ INTO CORE? - NO HAVE GRID POINTS
VT S FOR ALL SLRFACES
] BEEN COMPUTED?
READ ‘-—-———.-.-—.x» YES
INPUT DATA _
FOR A BOUNDAT READ INPUT FIAG
OF A SLRFACE AND SLRFACE
AND NUM3ERS FOR
PRINT WHICH A
HAPE FACTCR
— IS 7O BE
4 COMPUTED
COPUTE 2QUNDARY 1
CONDITIONS CALLID
FOR
- COMPUTE
L SHAPE FACTOR
—— AND THE ARCA
AND RINT
PRINT RESULTS
COMP UTED
BOUNDARY
RESULTS
NO ARE ALL SHAPE YES
FACTORS COMPUTED? g
HAVE ALL BOUNDARY DATA  |NO |
BEEN READ INTO CORE? “
YES
VRITE NECESSATY
SURFACE AND BOUNDARY
DATA ON TAPE UNIT (I
Figure C-2. Simplified Flow Diagram
C-h
LOCKHEED
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$IBFTC 1568

SORIGIM
$IBFTC COMPIL

REWIND 11
REWIND 8
CALL COMPIL
CALL COMPUT
REWIND 11
REWIND 8

GO TO 2

END

RETHA
LISTSREFsDECKyMI4 5 XRT

SUR”OUTINF CoMPTL

IMENSTON
ol,LNsxom

3E18.8 )

KK=0
MAXS-0
WRITE
READ
WRITE
NN=0
IP=1P+2

(5

(6+520)

(6,500

TABLE C-1
PROGRAM LISTING

LISTS>REFsDECK sM94 s XRT

DET(959) 25 {5)sVAL(S)
CAC100),CBI10
1 CHU100),CI(1¢

ClaCJULIDC)sBA(IC0+5)sR3(10D256)7

35001 IP s ISDs (LLIISD) »XN3(IS
IryISDvLL(ISD)sKhﬁ(ISD)sISQB

)sCC(]O“)yCDflhﬁ)»CF(ICG),CF(l

D1),18D8

1568001
1565002
1566003
1568006
1562007
1568008

156R011

15680020

0)+CCGI1I0N) 15660030
C(]OO,&)’QD(YCQaG))
2 BE(IOOsé)sBF(10696)5&&(1JC96)95“'1?395)951(103’6)99J(;QUs6})

15630040
15680050

3 X(10 )sY(10 ¥ysZ(10 )qX (10 YsYPLIO )sZP(10 JHsDLRIIQ ) 4DMD (10 ) 15680080
4 DNP(1D )sLL (100 9KNB (100 ) sDSSTIICC) »2LIMILI00)0LIN2(100), 15680070
5 QLIM3(1CC),QLIMG(1D O),GRIDS<IOO),uL 1(100+6),,KOUNT(100) 15680080
500 FORMAY (5110) 15680280
501 FORMAT (7F1C.32) 15680250
504 FORMAT (5110,2F10C.3) 15680300
510 FORIMAT ( 35H J=1353X529H  SURFACE S(J) IS MNOT DEFINED ) 156£031¢0
512 FORMAT ( 5 J=1353Xs 3H K=I13.3X431K BOUNDARY B{JsK) IS NOT DFEFINIGASA32A
1FD ) 18680330
514 FORMAT (46H FLAG IR IS GREATER THAN TwWO IN MAIN PROGRAM ) 15680340
520 FORMAT (1HI) 15680350
522 FORMAT (36HC C=(0+050} FOR SURFACE NO. I3 ) 156820360
523 FORMAT (27HO G=(CsCH0) FOR BDRY NO. 12s17H OF SURFACE NOe. IB)IJJVCB/“
524 ORMAT (36HD C={1+2,0) FCR SURTACE NO. 13 ) 1565038
525 FORMAT (27HO Q={15Cs0) FOR B8DRY MNO. 12517H CF SURFACE NO. 13)15680390
526 FORMAT (36H0 G= 919, FCR VJQ"Cr NO . i3 ) 15682400
527 FORMAT (27#C 0={Cs11»0 FOR RC=Y MNOs 12,174 GCF SURFACE ND. 13118680410
528 FORMAT {36HC Q=(Osu91) FOR SURFACE HO. 13 ) 156304620
523 FORMAT (27H0 Q={0s0s1) FOR BORY NQO« I12s17H OF SURFACE NDe 13115680430
530 FORMAT (36HO Q={-1+050) FCR SURFACE NO. I3 ) 15680440
531  FURMAT (27HO Q=(-15050) FOR BDKY N2 12,17H OF SURFACE NOe 13115630450
532 FORMAT (35HG Q=(0s-150} FOR SURFACE NO. 13 ) 15680460
533 FORMAT (27H2 Q={03s=1+C) FOR 2DRY ﬁo. 12517H CF SURFACE NO. 13115580470
534  FCRMAT (365C Q=(0,0,—1) FOR URFACE NOa 13 3 15520489
53% CRMAT (27D Q=(0sCHy=~1) FOR BDRY !C. 12178 OF SURFACE NO. 13115480037
53¢ FO\A«T (36HC N=(1+150) FOR SURFACE NCo. 13 ) 15680500
537 FCRMAT {(27+C Q=(1s1,0} FCR EDRY NCa 12517H CF SURFACE NO. 12115680510
538 FORHAT (3540 G=(140,1) “OR SURFACE XNOe 13 ) 15630520
5325  FORMAT (27H0 Q=(150:1) FOR BLORY NCo 12517H FOSURFACE NO. I3)1868053C
540 FORMAT (35HC C=(0s151) FCR SURFACE N2 13 1 15680540
541 FORMAT (27H9 C=(Cs1s1) FCR EDRY NOe 12517H OF SURFACE NOe I3)115%880%350
54% FORMAT (35H COZFFICIENTS FOR SURFACE Xs2HA=018e942%Xs 12480580
12HB=£18.8 /o EX s ZHTI=E1BaB892Xs2r0=C1C48,2 X9 2HF=£18,8 155830570
2/6X92HG=E18e 392X s 2HH=E 18483 2%92HI=T1324342 15680580
549  FCRMAT (3240 COEFFICIENTS ol Y T OF SURFACE NDe 18630599
113s3Xs2HA=E184892X92HE=E1848 /66X 21 = E18.8,¢X,¢HD E18e8,52X,y2HE= Elalsﬂaoéoo
2¢892X92HF=E18+8 /6Xs2HG=E18e832Xs2HH=E1848s2X3s2HI=E1848,2Xs2HJ= 15680610

15680620
18680620
15680100
15680640
15680650
15681001
15680660C
15680670

L()Cl(kib!?D
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TABLE C-1
(COnrINuED)

IF (IP=10) 2,2,19% 15680680
2 READ (5 2O0LIDSSTUISD) sGLIMICISD) sGLIM2(ISD)»OLIM3(ISD) s QLI 15680690

IMLCTSD) SGRIDS(TISD) 15680700

WRIT[ (693501} DSSI(ISD}!QLIHI(ISD)9OLIH?(ISD)9QLIM3(ISD)9

1 QUIMACTISD)»aRIDS(IST) 1568100%
IR=0 1568071n
MAXS=MAXS+] 15680101

KOUNT (1AXSY =140 15680111
GO TU (865429395329279556560sThs?2 )s 1P 3 15680720
C X 15620730
C SET SURFACE CCEFFS. = 710 PREVIQUSLY CALCULATED COEFFS. - FLAG=8 15680740
C 15680748N
3 A=CA(1ISDB) ) . 15680760
B=CB(I1SLRB) 18680770
C=CCL13DR) 15681790
D=CD1sDBY . 15630790
E=CELTISUB) ' ' 15680800
F=CF(I508) 15680810
G=CG(15Nn3) . 1568082n
H=CH(1SDR) 1568783 n
QI=CI(ISB) 1568084
QJ=CJ15D7) 15681850

GO 10 107 . . : ' 15620860

C 1ranngaa

C REA IMN SURFACZE COEFICENTS - FLAG=-1 15680880
C 15620890
84 READ (5 SO0 AT 3C D E 35 3Gty 4N 15680900
WRITE (&6+5801) r\959 3D sF s Gyt 0Ty 15681004
D=D/2.0 15680910
F=£/72.0 1568722
F=F/2.C 15650920
G=G/2.2 15680040
H=H/2.0 . 1ReENnTEN
Ql=C1/2.2 15680960

GO TO 73 1568027n
C 15620080
C READ IN THRIZ PLANE SURFACE POINTS - FLAG=D 15630990
C 19621000
42 READ (5 ST UXTTI) Y I )YeZ 1) sl=1,s3) 15621010
ARITE (695210 (XUI)sY(1)sZ(1)s1n1s3) 158661065
vii=1 15671020
NN=3 15681037

A=0.0 156811
8=0,0 15691097
C=040 15681080
D=0.0 15421070
E=0.0 . 1568100n
F=Ce0 15621664
DO 300 1=1,3 15621100
DET(Is1)=Y(1) 15621110
DET(I1,2)=2(1) . . 16681120
DET(1,3)=1.0 15651139
360 COCNTINUE 15681140
CALL MDETR {35AMNSSDET) 15681150
G=ANS 189681140
DO 302 1=1,73 1568117¢
DET (Is1)=X(1) 15681180
DET ([s2)=2(1) L 18581199
DET (1,3)=-1,0 - 15681200
302 CONTINUE 1568121¢
CALL MDFTR (25AMS,DET) 15681220
LOCKHEED C_6
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H=ANS . 15681230
DO 304 I=1,2 i 15651240
DET(Is1)=X(1) 15681250
DET(I,2)=Y(1) 15631260
DET(I+3)=1,0 15681270
304 CONTINUE 1568120n
CALL MDETR (34ANS,DET) 15681290
GI=ANS 15681300
QU==2.0%(GAX (1) +H3Y (1) +Q1¥2(1)) © 155681310
GO To 73 : 15681220
C _ 15681330
C READ IN CENMTER POINT AND RADIUS OF SPHERT - FLAG=] ) 15681340
C : 15621350
39 READ (5 s501)X{1) sV I1)s70])sRADTIUS 15621340
VIRITE (65501) X(U1)sY{1)sZ(1),RADIYS 15681026
A=1.0 . ‘ 15631370
B=1.0 1545817230
C=140 15631200
D=0.0 © o 18g8lenn
F=0.0 ) 1568141¢
F=lal 15621420
G ) . 156814135
H: ) . : 18681640
) 15AR2145A
IY¥#2 4Y{ 1) 83247 (1 1R%2-RADTUSEXD o
72 "0
¢ 2~
C READ I FOUR NON-COSLAMAR SUPFACE - FLAG=? s
C el
22 REATS (5 PECIN XTI ey LT )2 (1), 12144 1n
WRITE (55501 (XD} sY U117 {1)sI=1s4) 7
M= 2
M =4 3
A=140 40
B=1.0 50
C=1.2 "
D=G40 ~
F=0,7
F=fM,n
20 304 I=1,0
DET(T 1= (]
DET(Is2)=Y(1)
Ty=2(1
.0
3734
{45 ANS 00T
24
(XD #%24Y ([ )%2242(])%%2)
308 COMTINUE
DO 317 I=144
DET(Is1)=W(1) 20
DET(I,2)=Y(1) 15621730
DET(1+2)=2(1) 15691760
DET(I,4)5142 15851760
310 CONTINUE 15651760
CALL MDETR (45AN5,DFT) 15681770
=ANS /0K 18681 7RA
DO 212 I=1,4 15681700
DET(I,11=X(]) 1568180n
DET(Is2)=% (1) 15681810

LCCKHEED C-7
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DET(1,3

1=2101) 18681270n
DET(Is4)=1,.0 15621830

312 COMTIMUR 15681249
CALL MDETR (4 3ANSSCET) 15681850
H=ANS /0K 15681840

D0 314 I=1,4 15681670
DET(I,1)=X(1) : 15681880
DET(I+2)=Y(T) 15631830
DET(1s3)=(1) 15681200
DET(I,4)=1,0 1568121n

314 CONTINUE 15681920
CALL MDETR (4sANSsRET) 15681030
QI=ANS /0K 156810460

Q= —(X(L)**¥24+Y (1) ¥%247 (1)14%242.0%G *X(1)+2. 0¥HXY (1)42,0%Q1%2 (1)) 15631959

GO TO 73 15621760

C 186081070
C READ IN 2-AXIS PTS AND RADIUS OF RT CIRCULAR CYL - FLAG=3 1568108¢
15681000

27 RCAD (5 sSTL)IXCIN oY (1)sZ(1)s121452),RADIUS 5E82000
WRITE (65501 (X(I)aY(I)47(1)aT2142),2eD1Y5 156210538
DL=X(2)-X (1) 15682010
D¥=Y(2)1=-Y(1) 18682070
DM=Z(2)-2(1) ’ 18682 0%

no= w0 15682040
QLAMTA=DL /DY 1563205n

15682060
15682070
15682080

(J.‘
A
2 156320cn
G=C. 15682100
H=0, 15682110
QI=0,0 15682120
NJ==CEDIUS¥ %) 15682130
68 NK=A-9 1562214n
A=R4+QCEDLAMDARE D - 15622150
C=8+0KxQMNEU 22 15682160
B=3+7% 15682170
D=2K )
£=ny¥
F=0K
71 OJ=CQUe AR O #2420V { 1) #2402 (11852 42, 0% ((D¥Y(1)+EXZ(1)~G)*X(1)+
1 {F#2(1)-H)¥Y(1)=n1 *2(1})
72 G=G=LxX (1Y =Dey{1}-2 %7(1)
HaH=-DxX (1)-B2y(1)-r *72(1) 15682240
CT=0I-E*X(1)-FxY(1)-C *Z(1) T 15682250
GO TO 77 : 15682260
< 15602270
C READ IM 3 SURFACE PTS ANT DIRECTICON NDS OF RT CIR CYL - FLAG=4 156822¢0
C . 15682200
5 READ (5 $S50 1) IXCI oY (1) aZ 0T ) aT=143) 00 $TN,0N 15652300
WRITE (65501) (XUID)sY (1) s2(1)s1=143),DLsDM,s0N 15681009
MM=1 156827210
NN=3 15682320
iR=-1 T682330
7 DD=SQRT(DL*DL 4D 2 DMED ) : 15682340
QLAMDA=NL /DD 18682380
AMU=DU /DD 15682340
QNEU=DN/DD 15682370
IF (DON)Y 14,59,14 15682380
9 IF (DV) 12410512 15682320
10 DMI=Y(2)-Y(1) . . 15682400




14

16

48

316

318

320

TLELE C-

(corryTm

DN1=2(2)-2(1)

DL1=0.,0

GO TO 14

DLI=X(2)~X(1)

ON1=2(2)-2(1)

DMI=-DL*DL1/DM

GO TO 16

PLYI=X(2)-X(1)

DMI=Y(2)=-Y(1)

DN1=-(DL*DL1+DM*DM]1) /DN
DDI=SART(DLI*DLI+LMIXDUL+DINT*DNT)
QLAMI=DL1/0D1

GMU1=DM1/DD]

QNEUL=DN1 /DD
QLAM2=QUUXANFUT~QNEU*OML)
Giu2= O“f”*ﬂLﬁ”l—hLﬁV *0HEUT

QNEUZ= CLAMDAKCYU =AMy LA
YP(1)=0 A“]*(V(?)~X(1))+ JIY(2) =Y (
YP(2) - CLAMIE (X(21-X (1) +QMU1 (Y (2) =V (

ZP 1) =QUAM2R (X(2)~X{1))+2
2202 =QLAM 2% (X{2)=-X{(1)y+T"

v?‘(Y(P)—V(

IF (IR} 22,48,19
1F (IR~-2) 22 34 8
Wl == (YPL1) ¥ ¥ 2470011 %+ 2)

Wl2)=— (YD (2122470 (2) %)
QK=2,N*LYP{1)*ZP(2)-YP (2} %70 (1))
HP=(W(1)%ZP(2)=-20111%4(2)) /0K

QI=(YP (1) *u(2)=W{1)*YP(2)) /0K
G=HPEQLAMI+N T 2R A
HEHPXQUUL 0T #0002

NI=HP*ONEUL+OT 20U

A=0.0

8140

aJ=c.

50 To 68 .
YP(3)=OLAMI* (X (L) =X (1 1) 405 1% (Y (4} =Y
YO (46)=QLAMI¥ (X(5)=X {2 ) ) +0VUT*(Y(5)-V]
ZP(3Y=0LAN2H (X{4)=X 1) )40MUDHIY (L) =Y
ZP(4)=QLAMZA (X(5)1-X 11
DO 315 I=1,c
DET(I,11=70 () %%2
DET(I,2)=YP(1)%2P (1)

DET(T,3)=YP( 1)
DETII,4Y=7P(1])
CONTINUE

CALL MDETR {44ANS,DIT)
EP=2.0%ANS

DO 318 I=1,4
DET(Is1)=YP{T)¥*2
DET{T,2)=YP{1)=ZP( 1)
DET(I,3)=Y0(1)
DET(T44)=2P(1)
CONTIMUE
CALL MDETR
CP=~2,0%ANS
DO 320 TI=1,4
DET(Is1)=YP(1)*%2
DET(1,2)=2P(1)x%2
DET(I,3)=YP(I])}
DET(I,4)=7P(1)
COMTINUE

(4 ANSHDET)

2¥Y (Y- (L

IDEZOSIVIEL ST S S R b

1
UED ) /

1))+ Ulx(z2(2)-2(1))
17)~3 (22 -2
1h)+0! {Ze2y)y=-201))

PYSONEU2CLZU3y =201

1

1

5

15682410
15622420
156R2430
156524460
15682450
15682460
15622470
15682480
15602407
15682500
15632510
15682520
15632530
15682540
15682550
1568235¢0
15622570

—
Y
o
~

w WM Ww
DO D

(o)

Fso= O D W

2

5
5
&
6H
)
&

5
2
2
s
)
2
263

[V N es]

156828206
15682820
15682840
18682850
15682249
15482870
15482800
155682890
18682700
15682091n
15682920
15682930
15682940
15632950
15682950
15682970
15682980
186R299n
15683000
15683010

LOCKH"‘:D
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TABLE C-1
(COMITNUED)
CALL MDETR (43ANSSDET) 15663020
F=ANS 15683030
DO 322 1=1,4 , 15653040
DET(I,1)=YP(])¥%x2 15683050
DET(I52)=2P () %% 15683060
DET(143)=YP{1)%2ZP{1) 15683070
DET(I+4)=2ZP(1) 15683000
322 CONTINUE 15683090
CALL MDETR (43ANSSDET) 15683100
HP=-ANS 15683110
DO 324 1=1,4 15683120
DET(I,1)=YP(])*%2 15683120
DET(T,2)=72P (1) %% 15683140
DETHI,3)=YP(I)*2ZP (1) 15683150
_ DET(144)=YP(T1) 15683160
324  CONTINUE 15683170
CALL MDETR (43ANSsDET) 15683180
0I=ANS 15683100
A=BP*QLAMI* % 2+ CPH¥QLAM2 ¥ ¥ 242 , 0% OLAMT 2CLAM2XF 15683200
B= ap*ﬂ‘u1**2+fp*f“u2**7+2 XML FOMUD 15683210
C= nP*f fulwszm ' > 15683220
124 QMUL#QLAM2 ) ¥F 15683230
E—BP*QLAH1*u~cw11cD*u1p 2*“\Eb2+(PLAW1*;IEU +QNEULXQLAM2 ) * F 15683240
F=BP#QMUIXQNEUT+CP*GM U2 *ONEUZ+(OMUL #ONEUZ+ONEUT #QMUD y ¥F 5683250
G=HP*#QLAMI+CT*GLANMD 15683260
H=HP*Q4U1+CMU2% 01 15683270
QI=HP*ONEUL+ANFU2%N] 15683270
QJ=0.n 15683290
Go To 71 15682300
c ) 1568331n
C READ IN 5 PTS. AND DIRECTION NOS OF AREITRARY CONIC CYL ~ FLAG=5 15683320
C 15682330
6 READ (5 sS0L) XTI sY (I )sZ (1) sl=155) 500 ,DM,sDN 15683340
WRITE (65501) (XCIDaY(I)sZ(I)sI=155),DL yDM,0N 15681010
MM=1 15683350
NN=5 156R334N
GO TO 7 15683370
C 15683380
C READ IN 2 AXIS PTS PO AND P& + 3 PTS OF AR3 CONIC OF REV —FLAG=6 15683390
C 1568340n
6C  READ (5 sSCIV XTI Y U152 (1) s1=145) 15683410
WRITE (65501) (X(I)sY(I)32(1)al=1,5) 15681011
MM=2 18683420
NN=¢4 15683420
DL=X{5)~X(1) 15683440
DM=Y(51=Y(1) 15683450
DN=Z(5)-71(1) 15683460
DD=SQRTI(DL#DL+DM*¥DY+DN*ON) 15683470
OLAMDA=DL /DD 15683480
QMU=DM/DD 15683490
QNEU=AN/DD 15683500
DLP(1)=X(2)-X{1) 15683510
DLP(2)1=X(3)-X{1) 15683520
DLP(3)=X{4)=X(1) 15683530
CDMPL1)=Y(2)-Y (1) 15682540
DMP(2)=Y(3)-Y(1) 15683550
DMP(3)=Y(4)=Y(1) 15683560
DNP(1)=2(2)-2(1) 15683570
DNP(2)=2(3)-2(1) 15683520
DNPI3)=2(4)=71(1) 15623590
DO 61 1=1,3 15683600
LOCKHEED C-10
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(CONTTHUED)

XP(I)=QUAMDA=DLP ( 1)4+QMU*DMP () +QMEURDMND (1) 15683610
YP{I)=(1e0-QUAMDAR#2)%XDLP (1 )1¥%24(]1,0-QMU*X¥2)¥DMP (1) %72+ (]1.0-QNEUX*15€82620
12)  ¥DNP({I)*%2-2,0% (QUAMDARDLP (1) * (QMURD¥F (1) +QNEUSXDHP(T) )4 15683630
2 QUUAGREU*DNME (1) XDNO (1)) 15683640
61 CONTINUE 15653650
DO 62 =142 15683660
DET(Is1)=YD(T) 15683670
DET(I,2)=XD(T) 15683680
DET(I453)=1.0 15683660
62 CONTINUE 15683700
CALL MDETR (3,ANSSDET) . 15683710
A=ANS 15683720
DO 63 1=1,3 ) 15683730
DET(Ls1)=XP (1) %x2 : 156823740
DET(Is2)=%P(1) 15623750
DET(I43)=-1.7 15683760
63 CONTIMUE 15683770
CALL MDETR (3+sANS,DET) 15683780
R=ANS 156R3790
DO 64 1=1,3 1563380¢
DET(I 1) =X (1) %% 15683810
DET(142)=YP(T1) 15687620
DET(Is3)=.5 15663820
64 CONTIMUE : 15583840
CALL MDETR (234G NET) 15672850
G=ANS 15682260
CQJ=—(AEXP (1) 2 24BXYF (1142, 0%XP (1) %G) 15683870
QI=G¥nNNFU 15683840
H=G*Dvl S 186238an
G=G*OLAMDA 15693200
G0 TO 6# - 18622010
C 15623920
C READ IN 9 SPACED SURFACE PTS OF AN ARE CONIC - FLAG=7 15623930
C 19653940
74 READ (5 3501 IXUIIsY(TI1sZ(T1)s1=119) 15683950
WRITE (65501) (X{I)aY(1)sZ(1)51=159) 15681012
RS : : 15633060
NM=9 156R3970
DD 76 1=1,9 is68zgen
DET(Is1)=Y{T)xx%2 15563359
DET(D32)=7(1)yxx2 15654 0N00
DET(Is3)=X{1)*¥Y(]) 15654010
DET(I44)=X(T1%2(1) 15624020
DET(I,5)=v{I1%2(]) . 15684020
DET(I,6)=X(1} . 15684040
DET(I,7)=V(1} 156”405
DET(I.8)=71(1) 15684060
DETI(I,0)=1,0 1969246070
76 CONTINUE : 15684GR0
CALL MDETR (93ANSsDET) 15684090
A=ANS 19624100
DO 77 12149 18654110
DETIT,1)=X(])%%2 15684120
DET(Is2)=2(1)%x2 15634130
DET(I,3)=X(1)*Y(]) . 15684140
DETIIs4)=X{I1%7 (1) 15686150
DET(I1+5)=Y(1)%Z(1) . 15684160
DET(Is6)=X(1) 19684170
DET(I,7)=Y(1) 15624180
DET(I,8)=2(1) . 15684100
DET(I49)==1.0 15424200
LOCKHEED C-11
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(compTaumn)

77 COMTINUE 15684210
CALL MDFTR {(9,ANSSDET) 15684220
B=ANS 15634230
DO 78 1=1,9 15684240
DET(141)=X{1)%x2 15684250
DET(IZ2)=Y(1)#%2 15684260
DET(I+3)=X(1)*Y{]) 15654270 -
DET(T,4)=x(1)%72(1) 15604280
DET(IZS)=Y({I)*72(1) 15684297
DET(I6)=X(1) : 156843200
DET(I47)=Y(1) 15684210
DET(I8)=2(1) : 15654320
DET(I,9)=1.0 ' 15684330

78 CONTINUE 15684340
CALL MDETR (94ANSSDFT) 15684350
C=AMS . ’ 15684360
DO 79 I=1,9 15684370
DET(Is1)=X{1)%x2 15684380
DET(1s2)=Y(Ty*x2 : 1563436¢
DET(I53)=7(])*%2 15684400
DET(I 4= (1)y*7(1]) 15684410
DET(IS5)=Y(]y%Z(1} . . 15684620
DET(I6)=X(1) . 15684430
DET(Y,7)=Y{1} 18484000
DET(I,8)=2(1) 15684450
DET(149)==45 15584460

79 CONTINUE 15684470
CALL MDETR {93ANSSOET) 15684430
D=ANS 15684490
DO 80 I=1,° - 15684500
DET(Ts1)=X(1)%x2 156843511
DETIT,2)=Y{1)%%2 : 156846520
DET(I,2)=701)%%2 15684530
DETCI»6)=X(T1)%Y(1} 15684540
DET(I 5 =Y{T)%Z( 1) 15684550
DET{I,61=X(1) 15694560
DET(I,7)=Y(1) 15684570
DET(I,49)=2(1) 15684580
DET(I49)=,5 15404500

8C CoMT I 156f4600
CALL MDETR (9,ANS,NET) 15684010

= 15634670
DC 1=1,9 18684630
DET{I,1)=X(T)*x2 15686600
DETUTs2)=Y{])%%2 158684450
DET(Is3)=2(1)%%2 15654260
PETCT,4)=X(1)1*Y(]) 18694470
DET(1+5)=X{11%2(1) 15684697
DET(Is6)=X{1) 15684627
DET(I,7)=Y(1) . 5584700
CETUI,E)=21(1) : 15684730
DET(1,9)=-,5 15684720

81 CONTINUT 156864730
CALL MDETR (24ANSSDET) 15684740
F=ANS 15684750
DO 82 1=1,9 15684760
DET(Is1)=X (1) %2 15684770
DET(Is2)=Y(I)%%2 » 156847890
DET(143)=2(1)%x%2 15684729n
DET (I s4)=0(Tyxv{]} 15684200
DET(I,5)=xX(1)%*2(]) 15654810

LOCKHEED C-12
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TARLE C-1
(cows THuaD)

DET (I 6)=Y(1)%2(1) 15684820
DET(I,7)=Y(1) . ‘ 15684830
DET(I®)=Z(1) 15634860
DET(I+9)=45 15684850
82 CONTINUF 15624 86N
CALL MDETR (9,ANSsDET)H 15684870
G=ANS 15684880
DO 82 I=1,9 SE84890
DET(Is1)=X(1)*%2 15684900
DETEI2)=Y(1)%x2 15684C10
DET(143)=Z(1)%x%2 ’ 15684920
DET(Is4)=X(1)RY(]) 15684630
PET(Is5)=X(1)%2(1]) ] 15684940
DET(Ils6)=Y(T1%2(1) 1568495n
DET(Is7)=X{1) 15664960
DET(14+8)=2¢(1) . 15684670
DET(I+9)=-,5 ' 186846980
83 CONTINUE 156840900
CALL MDETR (9,ANSSDET) 15485000
H=ANS . 15685010
DD B85 [=1,9 15685020
DET(Is2)=X(Ty»x2 15695020
DETUI2)=Y(1)*x%2 - . 1565504N
DET(1+3)=2(1)%xx2 ' 15685050
DETUI &) =X (1)¥v (]} - 1585000
DETLI5)=X(11%2(1) 15685070
DET(IZ6)=Y(1)*Z2(1]) 15685080
DET(IS7)=X(1) 15685090

DET(IsR)=Y(1)
DET(I,9)=,5
85  CONTINUE
CALL MRETR (95ANSsDET)
QI=ANS
QU=—(AXX (11 *¥2+4B*Y (1) *%2+4CHZ (1) %¥2 +2.0% ((DXY (1)+ExZ (11451 xx(1)+
1 (F*Z{1)+H =Y (1)+Q1%2(1)})
73 IF (NJ) 104,856,104
86  IF (A+2.0%3) 103,875,103
87  IF (B+2.0%H) 102,985,102
88  IF (C+2.0%31) 101,89,1n1
B9 IF (A) 100,972,100
S IF (B) 99,91,99
91  IF (C) 9£+92,93
92 IF (D) 97+93,97
93 IF (£) 96,94,%¢ :
94 IF (F) 95,1C8,95
95  ALPHA=F
IF (KK) 420,420,421

420 WRITZ (£,540)18D 15685250
GO T 105 . 15685300
421 WRITE (63541)KKs1SD 158635310
GO T9 105 . ) 1568532n
96 ALPHA=F 15685330
IF (KK) 42254225427 : 15685340
422 WRITE (65538)1ISD 15685350
GO TO 105 15685360
423 WRITE (65529)KKsISD 15685370
GO TO 105 15685389
97 ALPHA=D ’ 15685300
IF (KXY 42444244425 156854nn
424 WRITE (64536)1SD 15685410
n548
LOCKHEED C_l3
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N

al

NN

902

910
906

908
915
950
905
107

108
109

201
202

50

204

203

TABLE C-1
(CONT;NUED)

CONTINUE

IF (NFLAG) 91559155910

IF (KK} 906592064+9(8

WRITE (6+510)1SD

GO TO 9185

WRITE (649512)KK, 15D

VRITE (65950 (VALIT ), I=MyNN)
FORMAT ( 64 6FE20.8/6%X43F2048)
IF (IR-1) 107+213%,213

CA(ISD)=A

CB((ISD)Y=R

CCISD)Y=C

CDLISDY=D

CE(ISn)=¢F

CFLISD)Y=F
CGlISDY=
CHOISD) =+

CI(ISD) =01

CJLISDY=ny

D=2.0#D

E=240%F

F=2e0%F

G=240%G

H=2e0%H

QI=2.0%01

WRITE (655451 1S03A5ByCsDsEsFsGetall s0J
GO To 1

IF (IR-1) 109,110,110

WRITE (6+510)15D

GO T

WRITE (655121157 4K

GO 1o 200

STARTING BOUNDARY SPECIFICATICNS

WRITE (6+4520)

READ (5 2504110 ISDIKK S ISDB X2, (NRSTIISD YY)
WRITE (65504) I0sI50s<KsISDR3K24DRST(ISNKY)

NN=0

1G=1n+2

IF (1IN-8) 201,2714299

IR=1

IF (KK=1) 770,202,204
WRITE (4,5503)

FORMAT (1H0)

CONTINUE

GO TO (2069207+62527+210,211, 2055202)510Q

BORY COEFFS. SET = TO PREVICUS CALCULATED EDRY COFFFS.

A=BA(ISDR,¥2)

B=BB(I1SDR,¥2)

C=RC(ISNR,K?)

D=BD(I1SDRv2)

E=RE(TISDR,K?)

F=RF(TSDR,¥2)

G=BG(1SDR,X2)

H=8H{ISD54+K2)

QI=BI(ISNT,K2)
QJ=BJLISDB,K2)
GO Tn 213

FLAG

[

15686030
15686040
15636050
15686060
15686070
156860AN
15686090
15686100
15686110
15686120
15686120
15686140
15686150
JRERET AN
15686170
1568618n
15686190
15626200
19626210
18676220
18808270
15686240
156”6250
15686260
156246270
15686260
15686290
15686300
1568631n
15626320
156863320
15686340
156863%n0
15686360
15686370
15686380
15686350
15681013
186086400
15686410
15686420
15686420
15686440
15686450
1860646nN
17686470
15686480
156864
156865C0
15686510
156R6520
15686530
1568654n

15686550

15686560
15686570
15686580
15686590
15686600
15686610
15686620

c-1b




425
98
426
427
99,
428
429
100

430

102
434

435

-
=
W

436

437

104

438

439
105

[00

Q04

GO TO 105

WRITE (65537)KKs1SD
GO TO 105

ALPHA=C

IF (KK) 42656064427
WRITE (£5534) 5D

GO To 105

WRITE (65535)KKs]SD
GO TO 105

ALPHA=8

IF (KK) 42844284420
WRITE (65522)18D

GO TO 105

WRITE (65532)KK, 15D
GN TO 105

ALPHA=ZA

IF (KK) 420,430,47]
WRITE (£+530)1SD

G0 To 105 .
WRITE (64531141, 15D
GO TO 105

ALDHA=C+D 0201

IF (K¥) 432,632,673
WRITE (655281150

G TO 1CH

WRITE (64,520)KK, 18D
Gn To 105

ALPHA=2+2 ,0%H

IF (KK) &24,4344,435
WRITE (655261150

co TO 105

WRITE (6+527)1KR, 158D
6o Tn 105
ALPHA=ZL+2,0%0

IF (KK) 636546265437
WRITE (655243150

GO T¢ 10%

WRITE (5552514Ks 18D
GO To 105

ALPHE=Q

I (X¥ ) 432,439,435
WRITE (6495223150

G0 T 105

WRITE (6,522)4K, 15D
A=A /AL PYUA

B=R/ALPHA

C=C/ALDHA

D=D/ALDHA

F=r/aLpPHA

F=F /ALBHA

G=G/ALPHA

H=t /AL DYHA
QI=01/ALPHA
QJ=0J/ALPHA

IF (NN) 905:905,90C
NFLAG=D

DO 902 I=tu,ny

15685620
15685430
16¢8%4nn
15685450
18685460
15685470
15685430
15685490
15685500
156R551n
15685520
15685530
15685540
15685550
15635560
15685570
15625580
15685590
15685600
15625610
15685620
15685670
156854640
1568565n0
194856450
15685670
156”5680
156856¢n
1568370n
15685710
15625720
15685720
15689740
15625750
15625760
15685770
15683780
156857350

156R520N

S68595n
156585840
15685970
155885880
15685870
15625¢00
15635210
156R5Q2N
15605030
15685940
15685950
156859690
18624070
156850820

VALLT ) =A%X (T * %2485 Y ([ ) ¥ 224 C*2 ()X % 24240%D%X( [V %Y { 1) +2.0%EXxX( 1) %*Z2 (15685990

1I) 2 0%F %Y (T2 (T 12,0%G58 X (1) 42 0AH®Y (1) 42,0%¥0T1*Z(1)+0J
IF (ARS(VALI1))=C.1)

NFLAG=2

90290445904

15686000
15686010
1568602N0




TABLE C-1
(comrimuEn)

C 15686630
C BORY COEFFS. SET = TO CALCULATED SURFACE COEFFS. FLAG = - 15686640
C 1668665n
206 A=CA(1SDR) L15686660
B=CB(1SDE) 1568667n
C=CCL15NB) 15686600
D=CD{ISDR) 15686690
E=CE(I15DB) 15685700
F=CF(15DB) 15686710
G=CG(1SDR) : 15686720
H=CH(1SDB) 15686730
QI=CI(I5DB) . . 15686740
0J=CIIISDBY ’ ' 15686750

GO TO 213 15686760

(< 156R6770
C READ IN BOUNDARY COEFICIENTS FLAG=S 15686760
C 15686757
205 READ (5 $501)AsBsCDsESF s GaH»GT 50U 15686800
WRITE (63501) AstsCrDsEsFGyHs QI sQU 15681014
D=D/2.0 15686810
E=E/2.0 15686820
F=F/2.0 1586868230
G=G/?.0 : 15626840
H=H/7.0 15650850
QI=Q1/2.0 1568686n

. GO TO 73 15686870

C 15686840
C READ IN TWO BOUNDARY POINTS FLAG=Q : 15686890
C 15686900
207 READ (5 35011 (XUTI)aY(1)sZ(1)51=1,2) - 15686010
WRITE (635010 (X{I}sY(1)sZ{1)sl=142) 15681015

MM=1 168686020

NN=2 15686030
DL=X{2)~X(1) 15686940
DM=Y(2)-Y (1) . 15686950
DN=2(2)-21{1) : 156869560
G=DN¥CH(1SD)-DM*CI (15D} 15686970
H=DL*CI(ISD)-DN*CG(1SD) 15686980
QI=DM*CGLISD)I-DUL*CHI(I35D) 15686990
QJ==2,0%(G*X {1V +H*Y(1}+QI*2(1)) 15587000

A=0.0 15687010

B=0.0 . 15687020

€=0.0 15687030

D=0.0 . 15687040

E=0.0 1568705n

F=040 15687060

G0 To 73 . 1o6R7ATO

210 READ (5 35010 (X{TIY sY(IYsZ(T)s1=153),0L sDMsDN 15687080
WRITE (635010 (XUI)sY(I)32(I)>1=1+3)+DLsDM,DM 15681016

MM=1 156487090

NN=3 15687100

GO To 7 15687110

211  IR=2 15687120
GO TO 6 : 15687130

213 "BA(ISD,KK)=A 15687140
BB(ISDsKK)=R . : 15687150
BC(ISD,XK)=C 15687160
BD(ISDsKK}=D 15687170
BE(ISDsKK)=E ‘ ’ 15687180
BF(ISDsKK)=F 15687190
BG(ISDsKK) =G 1568720n0

LOCKHEED C-16
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TaBLE C-~1
(conTinuen)

BHISN KK Y=H 15687210
BI(ISD,KK)Y=NT 15687220
BJI(ISD»KK)=QU 15687230
D=2.0%D 158687240
E=2.0%F 15687250
F=2e0%F 15687260
G=2.0%G 15687270
H=2+0%xH 156R72R0
QI=2.0%Q1 156R8720n
WRITE (635549)1KKs 1SDsAsBsCsDsEsFsGrH»Qls0J 15687300
IF (IR-2) 200+200+216 15687310
216 WRITE (65514) 15687320
GO TO 770 15687330
. 299 WRITE (65520) 15687340
CIF (MAXS.GT«0) GO TO 6077 coMpPLCl
7000 RETURN coMpL 02
6077 1F (IQ.LT423) GO TO 7001 15685001
6098 READ (11) 10D 15685002
IF (IDD) 6099,6099,40918 15685003

6099 BACKSPACE 11 15685004
7001 DO 7005 J=1,MAXS CoMPLO3
I=KOUNT () 15680507
NB=KN3(1) COMPLO4

IF (NBeGTeOeANDNECLT7) GO TO 7003 COMPL 5

NB=1 CNMPLOG

7003 WRITE (11) TsCALT)»CBIT)sCCUI)aCDII)sCECTYsCFIINSCOITI)sCHIT) »CI(])
-9 CIUI)HLLIT ) sKNBUT aNSsDSST I sQUIMIIT ) sQLIM2(T)sQLIM3(1)
2 OLINQ(I);CDIDC(I'9(LA(IyK),RB(Is(),BC(IQK)qu(Ia\)abF(A1V)yRF(I’K
3 1sBGUIsK)sBHITIsK) sBI{IsK)sBIIIaK)sCBSI{I5K)sK=1,A5}

7005 COMTINUE

SIBFTC MDETR
SUBROUTINE MDETR (MNsCHrA) .

LISTsREFsDECK $MI4 5 XRT

CoMPL10O
10D=0 coM7L102
WRITE (11) 1DD covPL103
END FILE 11 156R004
REWIND 11 1568005
GO TO 7000 15685001

770 CALL EXIT 15687380
STop 15687390
END 15687400

15682020

DIMENSION A(S9,9),F(10) 15660030
LN=N-] 15680050
DO 18 I=1,.LN 15680040
MI=1+1 15680070
DO 18 K=MI,sN 15680080
IF (A(Is1)) 193,19 1568009¢C
3 Kl=1+1 15680100
DO & K2=K1,N 1568N11N
IF (A(TIsK2)) 44644 15680120
4 DO 5 JJ=1sN 15681130
BlJJU)I=A(JI»K2) 15680140
ALJIIK2)=A(JIs 1) 15680150
Al(JJs1)==B(JJ) 15680160
5 CONTINUE 15680170
GO TO 19 15680180
6 CONTINUE 15680190
C=0.0 15680200
. GO TO 100 15680210
19 AA=A(Ks ) /AL 1) 15680220
DO 18 J=1,N 15680230
17 AlKsJ)=A(KsJI=AAXAL{T s ) 15680240
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TABLE C-1
(COWTINUED)
18 CONTINUE ) 15620250
B(1)=1.0 15680260
DO 32 L=1,N 15680270
BlL+1)=B(L)*¥A(LsL) 15680280
32 CONTINUE 15680290
C=B(N+1) 15680300
100 RETURN 1568031¢
. END : 15680320
$ORIGIN BETHA :
$IBFTC COMPUT  LISTsREFsDECK sMILyXRT7
SUBROUTINE COMPUT 15680020,

DIMENSICN CA(10 15CRB(10 15CCE10 15CD(10 )5CE(10 }sCF(10 ) sCGI10 1,15680030

1 CHO1G )sCI010 15sCI(10 19BACIO +6)9835(10 +6)3BCL10 +6)sBD(10 s6)s 15680040
2 BE(10O 36158F(10 26)sBGI10 +6)sBH{10 +6)sBI(10 s6)sBI(10 36} » 15680050
3 X(BT5)sY(ETD)sZ(B875)sXP(8T5)sYP(875)ZP(875)sDLP(8T75) sDMP(875)s 15680060
4 DNP(BT75)sLLE10 V5KNBLI0 1sDSSI(I0 ) sQLIMI(1I0 15QLIMZ(L10 ), 15680070
5 QLIM3(10 },QLIMAL10 )»GRIDSII0 }sDESI(10 +6) 15686080
DIMENSION CKP(875)sDLIB75)sDM{BTS 1 sDRIBTH)Y DN IETS ) sPHI(875), - 15680050
1 PSI(875)sMISIL0)2T(875),U(875),VIB75)sQQ(875), VP53T(875) 15680100
COMMON /ECCM/ CAs CBs CC s CD s CE s CF 15680130
1 ’ CG s CH s CI s CJ s BA + EBR 15680140
2 . BC s BD s BE s BF s BG s BH 15680150
3 ’ 81 s BY s X » Y s 7 s XP 156801460
4 s YpP s 2P s DLP s DMP y DNP s LL 15680170
5 s KNB s DSSI » OLIML 5 QLIM2 4 QUIM3 , QLIM4 15680180
6 s GRIDS s DBSI s DKP s DL s DM s DN 15680190
7 s DK s PHI s PSI s MIS s T s U 15680200
8 ’ v s QQ s VPST s NGO s NDO s KNP 15680210
9 s 1P s IL s IH s IT . 5 IS s NC 15680220
1 s NLD s IU s NFT s NSIGMA , NPP s KP 15680230
2 ’ A s B s C s D - + E s F 15680240
3 , G s H s O1 y QJ s RIGHT , DFL1 - 15680250
4 s DEL?2 s DELIP o DEL2P , NBDD s NVPSNOISSNAREA,LTEMS 15680260
LTEMS=0 COMPU0O1

=0 coveunn?
NFLAG=1 COMPUO3

2 READ (55200) KMTRL»ITsISsNOISsHARER COMPUOO4
WRITE (65200) KNTRLsITSIS)MDISNAREA 15681017
NBDD=0 COMPUODS
IF (KNTRLY 3,5,4 CoMpUons

3 10D=0 COMDUND
WRITE (8) 1DD coMpunag
REWIND 8 COMPUQOOY
GO TO 5 coMPUnYI A

4 WRITE (65210 COMPUNTY
GO TO (40254011 sNFLAG COvPUOL2
401 10D=0 COMPUO13
WRITE (8) I1DD COMPUOG14
END FILE ¢ COMPUR1S
REWIND 8 ' : COM4PUGL6
402 NFLAG=1 _ COMPUDL 7
GO TO (101510451065770)+KNTRL COMPUO18
5 GO TO (659) s NFLAG COMPUD1LY
6 NFLAG=? coMpUO2N
7 READ(8) 1DD CoMPUO021
IF (IDD) 4104410457 coMPU022
410 BACKSPACE 8 comMpPy023
9 LTEMS=TT : © COMPUO26
IT=1 ComMpPUn27
KFLG=1 coMpPU028
GO TO 415 COMPUD29
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( TABLE C-1
(CONTINUED)

411 IF (I15.LT.1) GO TO 2 - COMPUOB30
412 LTEMS=1S . COMPUC33
1S=1 CoOMPUNYG
KFLG=? COMPUNIK
IT=1 COMPLaTs,
415 READ (110 IDD»CAC1Y5CEU1)CCI1)CD(1)sCECI)2CF(1)2CGI1)sCHIT) s COMPUZO3
1 CTU1YHCIE1) s LLUT) SKNB (1) s MBS BSSTC1),0LIMI01) 5QLIM2{1)»QLIN3(1)s  COMPUOD3
2 QLIMACLI) sGRIDSI1) s {BAILS7 ) sEBIL1aK) 2BCI1sK)»BD(15K) sBE( 5K ) s COMPUOGO
3 BFO1,K) sBGUIsK) s BHILK) 3BT (1K) sBU01,K)sDRST(15K) sK=1+N3) coMPUOLl
IF (IDDWNELLTENS) GO TO 4156 : COMPUCL?2
REWIND 11 coMoUn2s
GO TO (416,417),%FLGC COMPUOL 3
416 NGC=1 : ' covnynay
GO 10 418 cnvpngs
417  NGN=4 COVPUNGE
418 CALL GRID . . COMDUOGT
IF (RIGHT-140) 10,113,511 15680600
10 WRITE (65201) LTEMS 15620610
GO T2 (411,2)4%FLG C18680620
11 WRITE (65202) ° 15690620
GH T0 779 155680640

113 GO TO (419,420)4XFLG o 1568 A%
419  NLD=1 . 15630174
GO TOo 4z HSE/ N Eah BalY
420 MNLD=2 ’ 156201056
421 CALL DIRECT 15680640
IF (NP) 425,425,333 15680650

425 WRITE (6,8000) LTEMS 15620121
8000 FORMAT (18HO SURFACE NUMBEPR 14,22+ WAS NAT PUT ON TaOE ) 15620122
501 FOR“YAT (1850 SURFACE nNUMBTX 144134 WES PUT 0N TAPE ) 15630126
GO TO (G411,2),4FLG 15480127
330 IF {XNS(IT)) 313,310,212 . 15680650
310 ME=l 15622700
DBSI(IT+1)=0,0 15650710
GO TO 314 18680720
312 NB=KM3(17T) 156877120

314 WRITE (2 ) LTEVS,NDaNB9DEL]qQELEsCA(!T)aCB(IT)qCC(IT)sCU(IT)yCE(IT15689743
I)aCF(IT)gCG(IT)»CH(IT);CI(IT),CJ(IT)s(EA(ITyI),EB(IT,IYsRC(IT;I)» 15680720
2 BD(IT,I)»BE(IT;I)yUF(ITslY;EGLIT;I)-EJ(IT,I)ySI(IT,I),:J(IT»I), 18% T6n

3 DBSI(IT,I)sirlawa),(x(l)q\(I)sZ(I),PL(Y);DW(I},Sh(l);;i(I),I;lyﬂPlbé.h s
4) 1552700
WRITE (5,8001) LTEMS
CO TO (411+2)1,5KFLG
101 1m=s
C 70 51 1562112
104 1H=-~1 155681137
LTEMS=IT : 156801128
1T=1 156R30113%
EAD (535204) LLOTITYonP»OSSTIT) s (X(1 sY(I)si=1s"IP) 1568 &
WRITE (652C4) LLUIT) siPsDSSICITIs (X II s Y (1) sl=]sniP) 15681018
NBDD=2 . : 18681150
MDEP=LL(IT) 15681160
GO TO (3C,324535),MDppP 15681170
30 DO 31 I=1,NpP 156311480
Z(1)=y(1l) 15681190
Y{1)=x{(1) 15681200
31 CONTINUE ) 15681210
GO TO 39 15681220
32 DO 33 I=1.NP 15601230
Z(I)y=y(1) 15681240
33 CONTINUE 16561250
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TARLE C-1 ,

7

!

(CONTINUED) !
35 NGO=2 15681260
REWIND 11 15681270
37 READ (11) IDD;CA(I);CB(l)»CC(l)aCD(l),CE(l)vCF(l)vCG(l){CH(l)s COMPUZASE
1 Cl(l);CJ(l)9LL(3)9KNS(l)aN8sDSSI(3)sQLIMl(l)sGLIMZ(l);GLIHB(l)o COMPUDLY
2 QLIM4(1),GRIDS(l)9(BA(1,K)9BB(1aK)aBC(lsK)’BD(I,K)aBE(laK)9 compyose
3 BF(lsK)lBG(]’K);BH(laK),BI(I»K)’SJ(I;K)yDBSl(l!K)yK:laNB) corMpUosl
IF (IDDNELLTEMS) GO TO 37 cCoMPUQS2
. IF (KNB(1).GT.0) GO TO 82 COMPUNOS3
81 KNB(IT)=0 15681370
GO TO 39 15681380
82 KNB(1IT)=NB 15681390
39 CALL GRID 15681400
NLD=1 15681410
CALL DIRECT 15681420
IT=LTEMS 15680141
IF (NP) 38,38,50 15681430
38 WRITE (6+8003) LTEMS 15680147
8003 FORMAT (23H0O NO POINTS ON SURFACE 14 ) 15680143
GO TO 42 15680145
106 IH=1 ’ 15681440
GO T0 119 156R1450
50 KVP=2 R 15681420
CALL VPAN 15681470
IF (NVP) 42,6242 15681480
42 IF (NOIS) 2525360 15681500
360 READ (5 s2711{MIS(T1)1=1sNOIS) 15681510
WRITE (69271) (MIS{1121=1,K015) 15681019
271 FORMAT (711G) 15681520
GO T0 2 15681530
51 NVP=1 ) 15681540
CALL VPANT . 15681550
IF (NVP) 42442544 156819560
44 DELSAT=DEL1*DELZ2 15681570
SUM=C,.0 15681580
DO 53 I=1.NP ’ 1568159¢C
SUM=SUM+VPST (T 15681600
53 CONTINUE ) 15681610
JIRTTE (652561)DEL1sDEL2,DELIPSDELZP . 15681620
261  FORMAT ( 9H DELS 4720481 ) . 15681630
VSST=DELSATH M 15681640
WRITE (6+205)1T5755V557 . 15681650
GO TO 120 156821660
119 IS=1IT 15681670
REWIND 8 " 15681620
56 READ (8 Y100 . 156814690
IF (IDD) 60460954 7 15681700
54 IF (IT-1DD) 56461456 15681710
60 WRITE (6,201)17 156817290
GO TO 2 . 15681730
61 BACKSPACE 8 15681740
READ (8 )lTh\'p,NBaDELl9DEL23A$E$5C9D9E9FstH$QI,OJ;(BA(].’I)) 15681750
1 BB(I)I)’BC(lsI)QUD(I’I)’BE(191)98F(191)986(131)y5H(191)yBI(151)915681750
2 8J(19I]90851(I’I)QI:I,NB)i(X(I)!Y(I)!Z(I)’DL(I}’DM(I)’DN(I)’ 15681770

3 DK{I)sl=1sNP) 15681780

120 DELSAT=DELI¥*DELZ - 15681720
SuUM=0.0C 15681800
DO 62 1=1sNP 15681810
SUM=SUM+SGRT(DL(I)**2+DM(I)**2+DN(I)**2)/DK(I) 15681820
62 CONTINUE 15681830
SAT=DELSAT#5U" 15681840
WRITE (65206)17+5AT . 15681€50
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e e — [ T
TABLY C-1
(ComnINED)
IF (TH) 2422242 15681860
222 VFST=V551/5aT . 15481870
WRITE (65208)1T+15,YFST 156818R0
GO TO Z 15681890
200  FORMAT (5110) 1568100n0
201  FORMAT (1640 SURFACE NOw 13,50H WAS NOT PUT ON TAPESNO DEPe PTS15681G10
1 WERE CALCULATED ) 15681920
202  FCORMAT {62HD RIGHT A FLAG SET IN GRID IS GREATER THAN ONE WHA 156315290
1HOPPEN ) 15681940
204 FORMAT (211051F1C.3/(7F1043)) 15681950
205  FORMAT ( 6HO S=1392Xs4H  T=[3,2X,14H A(S)F( SsT)= E20.8) 19681960
208 FCRMAT ( 6HO S=1342Xs64H  T=13,2%411H F{SsTY= EZ203 ) 15681970
2C6  FORMAT ( 6+0 =1342Xs12h AREA {S)= E20.8) 15681980
210 FORMAT (1HI/1HC ) 156816¢2
770 RETUR! 19682100
END 156327210
SIBFTC VPANT LISTHSREFyDECK 394 4 XR7
SUBROUTINE VPAMNT
DIMENSION CA10 1,CB(10 )»CCl1e Yo COULLIO YHCEL10 VsCF(10 ) sCOl10 |
1 CHE1D s CI010 )5CUllD 1+3A(10 35010 3619 RCII0 25)sBD(10 961 s
2 BE(LS 96)5B7(10 261 9BGU1I0 +&)sBHI1G 95) 2 T(YI0 96)9sBU0IC A0,
3 X{BT5)sYIB75)92(875)sXP{275),YP(7%) Yo ZP(3T5) sDLP(278),2M0 (275 ),
4 ONPLBTS)sLL (10 ) sKNS(1D )sDSSf(IQ PAZLIMIGID 1 LGLIN20IG ),
S QLIMZUID 1H,aLINa{1n 31,6051 Vs SERI N A
DIMENSTON Dr’L“(SlJ),JL(u7Dl,Dr(875) ABT5)WDX(B/9) PRI ETS),
1 P3I(875)sMIS(10 C)aT (375 5J(875)5VI{8751,0G0(875), VPST(375)
COMNMON /75CoM/  CAs  Chy CcC s CD s CF s CF
1 s CG s CH » CI s CJ s BA s BO
2 ) BC s ED s BF s BT s BG s BH
3 s BI s BJ s X s Y y 7 s XP
4 ’ Yo s ZP s DLP y DV s DND s LL
5 s Kt s DSSI s QLT s SLTVY2 s DLIV3 s NLTV4
6 s GRIDS s DRST s DKP s DL s DM s DN
7 ’ DK s PHI s PSI s MIS s T s U
8 [} v » QQ y VPST s NGO y NDO s MNP
9 ’ 1P s IL s IH s IT s IS s NC
1 * NLD r U s MFT s NSIGMA s NPP s XD
2 s A s B y C s D s F s F
3 ’ G » H s GI s 0J y RIGHT 5
4 s oiLk2 s DELIP y DELZP s NRDD s NVDPLNOIS
REWIND 8
KCUNT =92
GG TC (lss)snvE
1 READ (8 YIS
IF (IDD) 17417511 SRR
11 IF (IT-IDDY 12413517 156ansnn
12 IF (IS-1IPD) 1,14,1 Rl o
13 COUMT =K« T+1
EACKSPACE 3
READ (8 YITaNP NS DEL 1 9DEL29 Ay CaDaEyF oy 2erie QI 2dy (O
1 BB(1sI) 95 (lyl)*",\l’.,::(1!:?553;7I19I)v:")(‘9n)v"
2 BJ(I!I)’Dﬁbl(l;l)’l-ly HE) s (XTTY Y (1)s2 (I),)L([)9JV(1‘5 o}
3 DK(INsI=1aMP) 15650570
IF (IT-1S) 8,514,4 1868ncar
8 IF (KOUNT-2) 1564514 lsesn8n”
14 KOUNT=KOUNT+1 15620600
BACKSPACE 8 15680610
READ (8 JISSNPPYNBSDELIP,DEL 2P, A’B»C9DsFyr’\)9Her’C‘J,('f‘(lsl)l;\‘“)(»zo
1o BBULsI)sBCILsINsBDI1sI)sBE(1s1) 8F (1 1) BGI1s 1) sBHI1T) »B1(151)4156205630
2 BJ(lo[)stS'(l,L’iI‘l’nu)s(Xp'1)9VP('),ZP(I)sLLP(I)QD”p(I)y 15¢9néc0
3 DNP(I)SDEP(I)sI=1s0PF) 15680650
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TABLE C-1

(comrn) N
IF (KOUKNT-2) 1,6,18 3 15680660
5 KOUNT=1 ‘ 15600670
2 READ (8 Y10D : 15580680
IF (IDD)Y 17,17,3 ’ 18600620
3 IF (IS—1IDD) 244,42 : 15680700
4 BACKSPACE 8 15680710
READ (8 JISHINPPINBSsCELIPYDEL2P s A BaCrDsEsFsGsHIQT Qs (8A(151115680720
19 88(191)$SC(1:A)adD(l,I)’BL(lal)9qr(1y.)sBG(191)9BH(191);oI(le)»l568“/’0
2 BJ(1sI)sDBSI(YlsI)sl=]s40) P (XPLIYsYPUTYsZP (1) sDLP (1) sDM P, 15680740
3 DNPUI)sDKP(I)sI=1sNPP) 15680750
6 CALL Q™ESS 15620760
IF (IH) 9,525,193 15680770
9 DO 21 I=14NP 15681720
PIFST:VPST(I)*D&([)/SQRT(DL(I)**2+3M(X)**2+DN(I)**Z) 1568079¢C
WRITE (6350) 19 ITsISsPIFSToX(TIdsY(TI)9Z(1) 15680809
21 ONTINUE 15630a1n
25 1540n22n
17 . 18620820
(6s51IKCUNTSITHIS 15627840
1568028n
18 15652860
15£2n87n
159 155620580
50 I=13,2%x,2H S=12,2V, %4 T=13 ’4\,]1uh!1)« I(,I)—-:'Jm ey 15697q°“
16Xg19n931n| C% 5 IS X{11=E20, 892Yo5uY(I)~LZO B8s2Xs5HZ(TI)=FE20.2 ) 15680900
51 FORMAT (12H2 KOUNT=T1292X93H S=13,2X52H T=13,74Y WHAT EVER KO15680910
TUNT EQUALS THATS HCH MANY 0F THIST SURFACES APPEAR ON TAPE 15680520
52 FORMAT (52HC KCUNT IN VPANT 1S GREATER THAMN TWO VHA HOPPEN ) 15680930
53 FCR¥AT (47HC IH IS GREATER THAN ZER0 IYN VPANT ROUTINE ) 15680240
25 RETURN 1862005n
’ 15680080
S LISTsREFSsDECK s MLy XR7
UTIMNE GoEss 18680020
D’“ENSIV. CALID IH5CTB1D 15CCHIC 150010 )sCF{10 }sCF{10 12 CGL10 1515680730
1 CH(lO 15 CI010 1,CJU1G 15BA(10 1sEROIC »6198CI10 +6)53D010 463y 15680040
2 BELLIC »5),53F (13 561.3G112 (12 58381010 503982010 503 156?’?3’
3 K(b75)9((°"5),Z(i?i)sX?(’ ST51ZP (875} s0LPI&T75) 40P (875), 156840
4 DNP{S75)sLL {10 YsXNBL10O YoQULIMI (10 VY9 QULIM2(10 s . 1‘6”7nvﬁ
5 QUIMZIIC 1,H,0LIvLi10 },4n PRI IS S O R A RPRI
CIMENSTOUM DEP{872),0L (879 D.'n’75),ﬁf(f/))vljﬁl(alz]s
1 PSi(378)y ’”IE(13}~7(37519; ETE)SQGLRTS) PST(RB75) 56¢
CCMMON /ZCok CTis CEy o s CE s CF 156 8@]“”
1 s CG s Crl ’ C s RA s B3 15630140
2 s 2C s FD s I s BG s PH 1568n15n
3 s BI s BJ s Y s 2 s XP . 15680160
4 s Yp s 2P s DA sy DNP s LL 15622170
5 1) KKSB s 0381 [} oLIv2 s CLIW3 s QLIMA 156c018¢
3 * GRIDS » T8S] » oL s DM s DN 1268n19n
7 ) DK s PHI ) VTS s T s U 15680200
8 ) 9 s GO s NG~ s NDO s NP 15680210
9 ’ 1P s IL , 17 s IS s NC 15680220
1 s NLD s 11U ) NSTGMA » Npp s KP 15680230
2 s A s S ] D s E s F 15680240
3 s G s 4 s QJ » RIGHT 5 DEL) 15650250
4 ’ DEL 2 s DELLP ’ NEADD s NVPINOISINFLAGSLTEMS 15680260
200 FORMAT (7119) 1568n45n
201 FCRMAT (62HO NO INTERFERING SURFACES APPEAR ON TAPE FOR SURFAC15680¢:60
1E NOSe I3y 6H AND 13 ) 15680470

202 FORMAT (33HO NO. OF IMTERFERING SURFACES= [3,3X»39H NOs OF INTER R15680480
1FERING SURFACES ASKED FOR= [3,53X,21HBETWEEN SURFACE NOS. I1352X, 15680490
2 4HAND I3 ) 1562n50n
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TARTE C-1
(CONTINUED) |

206 FCR”‘T (6H VA= E20Ge8 /54 T=12452X+11H REA (T)= E20.8) 15680510

210 FORMAT (5H S= I35 3Xs2HT=13,5% 4047 (557) WITH INTERFERENCE 2Y SUR1G(A0520

1FACE NCS. 1015 ) 15680520

REWIND 11 15621051

KLM=0 . 1528056~

KP=0 15&8487A
VA=0,0 : 1568058

PI=3,141592¢% : 1568ﬂ53?

DELSAS=DEL1IP*DEL2P 15680600

IF (NOIS) 646518 15680610

18 READ (5 32000 (MIS(T )y 1=14NOTS) 15680620

WRITE (65210)IT oIS IMIS(I) s I=1,8015) 156806320

GC 70 6 15680640

4 SUV=0,0 158690650

S DD 7 U=1,n0p 15680667

SUM=SUM+QO(J) /DKP L ) 15680670

7 CoMTINUS 15680620

VPST(xe) = /(“I’DK(KD)) 15680620

IF (MFLAG 1542770n

4G DAT=DEL]* R “L(kp)**¢4“v(k”)“’?+|J(KP)*12)/DK(KD) 1%687717

DO 45 J=1 ' 1558770"

IF (eatd) : 1856585737

42 DAS=DIZLSASH PLIY*#p30MD(Jynx2 TR EE2 ) /KPR (U 15650740

VA=VALDAT 15650750

45 CONTINUE 18690740

IF (KP-NP) 30447,47 156805770

47 SA=0.n 15680780

DO 42 J=1,MpPD TeanrTAA

5A=5A+SDFT(,LF’(J)¥¥2+"“P(J)*’2+F“'(J)““‘?l/P' Uy 1348272200

&8 CONTINUE 1560nein

SAa=54¢ 15687 E
WRITE (6 1558 0¢

50 CoxTINGE 15480541

IF (XD2-MD) §,28,28 15680850

3 KP=KD41 1568840

DO 13 U=1,40p

TLJ1=xP{J)~¥ (<P

ULUI=YR(J) =Y (KP)

Vg =20(U)=2(x2)

RECLIKEIST LU +DMUKD ) = (400! PAEvigy
FOURY 1351142 S
FADLYCIT AT OII 4D U 2 U (LY +BRD L Sy =y ( J)) 1:5’—”‘03’

9
FOASDY 11511612 lagza~cyn
1 N (U)=0,.7 152237080
G To 12 15462704
12 W= (T(-')*T(J)*‘J(J)*‘J(J)’*\/(-’)*V(J))*"ﬂ‘? 15680970
: CIY=(RxRr) sy . 1568n02n
13 (SR S 15€80290
IF (No Ib) LaGa 16 15681000
1é IF (KL") 17517526 . 15691017
17 SEAD (11 YILD 15681020
IF (IDD)Y 235204519 ) 15681021
19 DD 2 1=1,01% 15681 04n
IF (MIS(II-IDD) 2,5,2 15681050
2 COMTINUE 19621060
GO TO 17 : 15681070
20 IF (XLM) 21521422 15681090
- 21 WRITE (63201)1T,15 15681090
NCTS =0 15681100
REWIND 11 1848111n
GO TC 4 19681120
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TABLE C-1
(COWTITED)

BACKSPACE 11
KLM=KLM+1

READ (11) IDD3CA(KLM)aC3(KLV)aCC(KLM)9CD(KLH)sCE(KLN)’CF(KLN)a
1 CG(KLM);CH(KLM)9CI(KLM);CJ(KLM);LL(KLH)9KNE(KLH};NG,DSSI(KLM),
2 OLIMI(I)9QLIM2(1)sQLIMB(l)»QLIHh(])»GRIDS(I),(RA((LW,!)’HR(KLVoI)1568OO?

sBCIKLMs T ) 38D IKLMsT) s 2E (KLMy T
BIGKLMyT)sBUCKLMa T )1 aDBST(KLMs T} sT=1 48R
IF (KLM=MCIS) 17,26,22

IF (KLM=NOIS) 25,26,25

WRITE (63202)KLMyNDISSITHIS

DO 30 I=1,kLM

A=CA(T)

B=CB(1)

c=CcC(n

D=CDI(1)

E=CE(T)

F=CFI(1)

G=CG(1I)

H=CH(T)

QI=CI(I)

QJ=CJ(I)

NSIGHA=1

NBDD=KNB (1)

CALL M7E5T

PaBFIXUMT) oBGIKLMs 1) o BHIKLM,y 1),

CONTINUE

GO TO 4

RETURN

END

LISTsREFsDECK»M94,3XR7

SUBROUTINE GRID

DIMENSION CA(10 )5sCBI10 15CCL10 1,CD(10 )1+CE(1D YsCFU10 15sCGL10 ),
CHEL0 19CIL10 15CJUU10 I9BALIS 551528010 +6)s8C(10 961580010 167
BE(1O 56)sBF{10 56)58G(10 55158410 +6)sB1(20 25613BJ010 96) s
X(875)aY(875),2(875)’XP(875),YP(875)aZP(875)93LP(875)9DMP(875):
DRPU8T75)sLLI10 )sKNB(10 }sDSSI(10 )>0LIMI(10 )sQLIM2(10 s
QUIMZ(10 }5QLIMA4(10 15GRIDS{1I0 JsORSI(I0 +6)

DIMENSICN DK2(875)sDLIBT75) DM {8751 ,D08(873)

sDKA{B75) sPHI(875),

15681130
15681140
1568001
1568002

1568005
1568H06
15681201
15681210
15681220
15681230
15681240
16681254
15681260
15681270
15481290
15681290
15621300
15681210
15681320
156813130
186R) 24N
15621350
15681360
15681370
15681380
15681300
15681400

15680020
18680032
15680040
15¢68005¢C
15680060
15680070
15680080
15680090
15680100
15680130
1563014n
156801680
15680160
15680170
15680130
15680190
15680210
1548021n
15680220
15680220
15680240
15680250
15680260
15680410
15680427
15680430
15680440
15680450
15680460
156R047N
15680420
18680400

1 PSI(BT5)sMISIICIST(875)ULET5)sVIBTS5)sQQ(875), VPST(875)
COMIMON /ECOM/Z  Chy CRy Cl sy CD s CE s CF
1 s CG s CH y C1 s CJ s BA + BB
2 ’ BC s BD y BE s BF s BG s BH
3 s B1 s BJ s X s Y s Z s XP
4 s YP s IP s DLP s DNP s DNP s LL
5 ) KNB s DSS1 s CLIMI s CLIMZ2 5 QLIM3 4, QLIMG
6 ’ GRIDS s DBSI s DKP s DL s DM s DN
7 s DK s PHI s PSI s MIS s T s U
8 ) \% » Q2 s VPST » NGO s NDO s NP
S B Ip s IL s [H s 17 s IS s MC
. 1 ’ NLD s JTU s NFT s NSIGHMA 5 NPP s KP
2 ’ A s B s C s D s E s F
3 s G s H s QI s QJ s RIGHT s DELL
&4 ’ DELZ2 s DELIP » DELZ2P » NBDD s NVPsNOISHSNAREA,LTEMS
GO TO (19253544571 4N60
1 IL=0
IP=IT
"GO TO 5
2 It=-1
IP=1IT
GO TO 6
3 It=1
1P=1S
c-2h
LOCKHEED
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TABLE C-1

GO TO 5 15630800
4 IL=2 1568551n
Ip=15 15580520
5 CALL POIMNT 15621530
GO 70 7 15680540
& NP =NDP 1568n588n
7 KDEP=LL(IP) 1568n56n0
GO TO [ 124513514),KkDEP 15680570
12 NDN=1 1968n5an
- GO TO 16 15620590
13 NDO=2 15680600
GO TO 16 15620610
14 NDO=3 15680620
16 CALL DEPVAR 15480830
NC=nC 15680640
IF (NC=1) 20,8,24 15680650
20 RITE (£+200) 15680667
200C FORK’J\‘T (34H NC IS LESS THAN ONE WHA HODPEN ) 15680670
CALL EXIT 1868ncsn
sTop 1568087
8 IL=IL+2 15480700
CC TC (353315324233,34),1L 18680710
30 NC=§ 15220720
Gl T 23 15687730
31 NC=5
GO T0 23
32 NC=8
GO TC 23
33 NC=7
B GO T 23
3¢ NFT=2 .
23 RIGHT=1.0
Ge IO 24
24 RIGHT=0.,0
25 RETURN
END .
SIsr7C PCINT LISTSREFsDECK 3494 s XR7
! I8 enINT
DIMENSICN CALIC 1-CRI10 15CO010 ),H,CDU1N
1 CHOIC 1 CIE10 D5 CJI1a 132010 61920010
COSELIN 9AYSFIID 963750 Sel sy
3 X{B7S)sY(ET5)+20875) 4XP T2 2P
G ONPU2T73)5LL 110 ) eKAND (1L : SQOL I
S GLIM3ULO JsQLIM4(1T 134G o SeSI0LG 7
MINSTOH CHPCIETE Y sD_(875) sSNIETE ) ! 3791 9DXHBT5) s PHITETS) s 155‘33f/"~':’
1 PSIC875)sMISIICIsTLE75)sUT375),VI375),32(8757, VPST(375) 15880100
CCmoN 7ECCM, Chs (8, CC s CD s CE y CF 15630130
1 ’ <G s TH s C1! s CJ s BA s 89 15680140
2 > 8C s BD y PR s RBF s RBG y BH 15680150
3 [y 81 y 8J y X s Y s 2 s XD 156801&n
&4 ’ YP y 2P s OLP y DR s C1o s LL 189662170
5 ’ KNE s DSSI s GLIML 5 QLIM2 4, CQLIV s QLINMG 156820181
[ s GRIDS » DRSI s DXP s DL s D s DN 15630160
7 ) DK s PHI s P5SI s MIS s T s U 15680200
8 ’ \ » CN s VOST s NGO s MO s ND 15680210
9 ’ 1P s IL s I s IT s 1S y NC 15680222
1 ’ NLD » U s NFT s NSIGMA 4 NPP s KP 15680230
2 ] A » B y C s D s E s F 1568n24n
3 s G » H y GI s QJ s RIGHT s DEL1 15680250
4 s DEL2 s DELIP 5 DEL2P 4 NBDD s NVPSNOIS,NARFASLTEYS 15&80260
1=0 18680410
ad
LOCKHEED c-25




10

12

20

28

® .

30

IR=LL(IP)

IF (GRIDSIUIP) LLT. 2.0 ) GO TO 40
IF (QLIM2(IP)Y (GTs QLIMICIP)) GO TO 1

STLM2 = GLIM2(IP)

QLIM2(IP)Y = QLIMI(IP)

QUIMI(IP) = sTLM2

IF (QLIM4CIP) LGTs QLIM3(IP)) GO TO 3

STLM2 = QLIM4(LIP)

QLIMALGEIP)Y = QULIM3(1IP)

QULIM3(IP) = STLM?

I=T+1

GO TOo ( 25446), IR

DELY=(QLINM2(IP)-QLIMI(IP))/GRICS(IP)

DELZ:(OLIMA(IP)*OLIMB(IP))/GRIDS(IP)

QUIMI(IP)=CLIMI(IP)4DELY /2.0
QLIMB(IP)=QLIMAIRP)I+DELZ/240

YD) =QLIMI(IR)

ZU1)=GLIM3(ID)

DEL1=DELY

DEL2=DELZ

I=1+1

YOI =Y {I-1)+DELY

Z(1)=LIM311D)

CMAX=AMAXYI (Y LI »2LIM2(IP))

IF (QMAX=0LIM2(IPY) 10,8,10
GLIM3(IP)=QLIM3{IP)+DELZ

QMAX=AYAXI(GLIM3UIP) sQLIML(IP))

IF (QMAX=QLIML(TID)) 40,1240

I=1+1

YOI)=QLIMI(In)

Z{11=GLIM3(IP}

GO 10 8

DELX={QLIM2{IP)—QLIMI{IP))/GOIDS(IP)

DELZ={QUIMA(ID) ~CLIM3(I2))/GRIDS(IP)
LIMLOIF ) =QUIMIICY4DELX /2.0

QLIM3(IP) IM30IPI+DELZ /240

DEL1=DTLX
DELz=DLL?Z

I=1+1
X(I)=X{1-1)Y+DFLX
ZOIy=gLIn3 (i,
QUAX=AYAXTIX(I),GQLTIM2 (1))

IF (QUAX-QLINM2(IP) ) 28,20428
CLIMB(IP)=CLIM3(IPI+DELZ
CMAX XLLOSUIM3CIP) QLI ([P ))
IF (QMAX=QLIM4(IP)) 404522540
I=1+1
X{I)=nLIM1(IP)
ZUD)=QLIM3(IP)
GO TO 2C
DELX=(QLIM2(IP)~QLIMLI(IP))/GRIDS(IP)
DELY=(CLIMA(IP)I=GULIM3(IP))/GRINDS(IP)
QULIML{IPI=QUIMLIIP)I+DELX/240
QLIM3(IP)=QULIM3(IP)+DELY /2.0
X(ry=aQrimleip)
Y{I)=QLIM3¢IP)
DEL1=NELX
DE{ 2=DELY

=1+1

15680420

1568n43n
15680440
15680450
15680450
15680470
15682480
19680400
156808na
18680510
15681520
15697530
15680540
154680550
15680560
15680570
1568C¢580
1568059n
15682679
15680610
15680620
15680637
15620640
15680650
1568066N
155680670
156806890
1568n69n
15680700
15620710
15680720
15680730
19680740
15¢68075¢C
15680760
15680770
15680780
156807910
15680890
15680810
1568n82n
15680830
1568n84n
15680850
15680860
15680870
15680880
15680890
156810900
15680210
15680920
15680930

LOCKHE
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TARLE C-1
(comrTurn)
XCIy=X{I~1)+DILX 1968094n0
YOIY=0LIM3(19) - 15680560
QMAX=AMAXT(X(I)sQLIMN2(IP)) 15680960
IF (QUAX=-CQLIY2(IP)) 28,3038 15680970
38 QUIMB(IP)=CLIM3(IP)+DELY 15690020
MAX=AMAXTI(QLIMZ{IR) s QLINA(IP)) 15680930
IF (QMAX=GLIMGUIP)) 40432540 15681000
32 I=1+1 - 15681010
X(I)=0UINM1(1P) 15681020
Y{I)=QLIM3(IP) 15681030
GO TOo 30 : 15681040
40 NP=1 15681050
RETURN : . 15681060
FrD ' 15681070
BFTC DIRECT  LISTHREFsDECK Y4 9 XRT
SUBRRQUTINE DIFZCT 15680020
DIMENSTON CACLN 1+C2010 1,CCH1I0 14CDILI0 Y3CE(LID V)-CF (1D 12 CGI10 Ysl5e8 30
1 CHELO DsCI010 1H5CJ010 YBALID +6)98D0(10 +6),8C(10 36180010 96) s 15680040
2 BECLD +6)sBFE10 +8) 80010 36)sBH(10 +5)sB1(10 +6)4RJ(1N 26H) 15687050
3 X(875)»Y{375)12(874) XD (575 (875 DVP(87%)s L 1252 &n
4 DRPUBTOISLL (1D 1030 1,0 ) 156820725
S QLIMZICLID 1,2LIM4(IT 1,0R105 1568 e
CINELNSICN ORPIETS )AL (375 0" 2753 1568 33
1 PSICRTENWMISELID) s TUET8 ) 42 (F 75) 1660100
g /ZoUa/ Chas Uiy (g 15¢ i270
1 CG s CH s C1 s s 15680140
2 $1e y ED s BE s s s 18680150
2 B s BJ s X D > [} 15680165
& YP s ZP s DLP ’ ’ B 15680170
5 KNB s DSSI s GLIV ) ! ) s GLIMG 15680182
5 GRINS y DEST s VP s ML ’ D‘-' s DU 1frezn1zn
7 ox y PHI s P51 s MIS s T s U 15620220
8 v s QD s VPET s MNCO s DO s * 3
9 1> s 1 s iH s 11 s IS s 20
1 D s TU s MFT s NSIGMA o NPP s 2N
2 L] 5 s C ’ D F 3 LF\
3 s H €3} y GJ s RIGHT s 1 5N
& EL2 s DEL1LP s DEL2P s LEOD s NVP s OIE,NATEASLTEMS Lo
el
y1i9% 2n
5 933539205110, 0 =0
1
2
3
Ix,)"((I)4Cf)\'i‘d)“,’(fl*:E(1L,')*Z([)*-‘:f:(I‘J))"D‘-"Y(IU)
TUY*XCI)+COOTUN SY LI +CRITU*Z (1) +CHITUY ) =D torw
I XTI O (L =1 +CCU T2 {3y yen TOI
4 ’ :
I ) 156~rn585n
20921422)K0EP 15680360
20 15687570
15630500
21 15630860
L 15680600
22 NFT=4 15620610
25 CALL FTEST 156RNE2N
NLD=NLD 14680630

LOCKHEED c-27




TARLE C-1 ;

. 1

(CONTINUED) :
GO TO (1+25899510511) sNLD : 15680640
8 DO 30 I=1sNP 15680650
DK(I)=A3S(DL(I)) g 15680660
30 COMTINUE _ ‘ 15660670
GO TO 11 156806580
9 DO 31 I=1,NP . 15680690
DK(I)=ABS(DM(I)) 15680700
31 - COMTINUE 15680710
GO TO 11 15680720
10 DO 32 I=1.KkP 15680730
DK(I)=ABS(DN(I)) 15680740
32 CoMTINUE 15680750
11 RETURN 15690760
END 15680770

SIBFTC DEPVAR LISTsREFsDECKIMI4sXRT

SUSROUTINE DEPVAR 15680020
DIMENSION.CA(IC 1sCBUI0 1,CC( 2 sCDUIC 15 CEL10 )sCM (20 ) 9CGI10 1915680030
1 CHOIO 1sCI(10 VY 5CJL10 )53A(10 1aBECL0 55158010 56)sBD(10C 56)s 15680040
2 BE(1D s6)9EF (10 46185010 46) (12 481587010 +6)2BJ(10 461, 15680050
3 K(875)sYU8T5)sZ(275)sXPIST5) s YPIET51 2P (875)0LPIRTS) DD (875)s 15620060
4 DNPL3T5)sLLI1G )HXKR2I10 1,085 0 O)SQLIMI(1D ),0LIM2(20 ), 15680070
5 QLIM3(10 )»QLIMG (10 Se1 SDESTIIN 46) 15660080
DIMINGICH SHPI2TS),0L1D ree yaDrteT7sy 0 DHILETE ), 15680090
1 PSI(8751sMIS(10)>TI8BT9),U(8 (875) 4038 VPST(E875) 15660100
COMMGN ZECOM/  CAs CBs  CC s CD s s CF 15680130
1 s CG s CH y C1 s CJ s s BB 15680140
2 s BC s BD y BE s BF s s BH 15680150
3 > BI y BRU s X s Y Iy s XP 15680160
A , ye s IP s DLP s DMP s s LL 15680170
5 s KB »y DSSI s ALIMI . QLIN2 s QLING 15680180
6 s GRIDS » DBSI y DKP s OL s s DN 15680190
7 s DK s PHI s £S51 y VIS s s U 15690200
3 s v s QQ s VPST s NGO s s NP 15680210
g s Ip s IL s IH s IT ) + NC 15680220
1 s KLD s 1U s NFT s NSIGMA , NOP s KP 15680220
2 3 A s B s C s D s = s F 15680240
3 s G s H y Q1 s QJ s RIGHT » D7L1 15680250
4 s DELZ s DEL1P 5 DEL2P » N2OD » NVPSROIS,HAREA,LTEMS 15680260
NPP =] : 18480410
IF (MBDD) 6006034622 15680620
600 NFLAG=1 15680430
GO TO €23 15680440
602 NFLAG=?2 15630450
603 GO TO (15101,2C1)15NDC 15680460
] DO 2 I=1,NP - . 18620470
PSICII=CDUIPI®Y(I)+CE(IPI%Z(1)42G(ID) 15680450
2 COMTINUE 156506090
IF (CA(IP)) 55355 15680500
3 DO 303 I=1,4p 15687510
IF (PSI(I)) 303,145,303 15680520
303  CONTINUF 1568N052n
DO 304 [=1,NP 15680540
XCE) == (CBOIPI*Y () #%24CCIIPI#Z (1) %%¥242, 0% (CFUIPIXY(II%Z (I)+CH(IP) 15630550
1 %Y (II+CICIPY 201 )+CJ(IP) )/ (2,04PSTI(1)) 15680560
304 CONTINUE . 15680570
GO TOo 11 15680580
5 J=0 156680590
DO 306 I=1,NP 15680600
TER=(PSI(I)%*2-CACIPI*(CBIIP) *xY([)x%2+4CCUID) *Z(1)#%2+4CI(IP)+2.0%15622610
1 (CFUIPY#Y (I #2 {1 +CHIP) *y (1 +CTLIPY*¥2(1) 1)) 15680620
IF (TER) 605,7+8 . 15680630

c-28




" _ S L
WRBLE C-1
(CoryINGED)
605 GO TO (3065606) yMELAG 15690
(61 VWRITE (693001 Y L1 YsZ (1) LTEMS 18687
900 FORMAT (1CH PoOINT Y=L2008 2% 2H7=E20243320H IS NOT O SURFACE [3)1542
GO 10 396 156¢
8 PHILI)=5CGRT(TER) 15680630
GG TO 9 185¢20600
7 X(I)==PSI(1)/CA(LR) 15680700
GO TO 10 15680710
9 XCI)=(PHI(I)=PSI (1)) /CALIP) 15680720
NPP=rMpPD4 ] 15600750
XPUHPP)={=PHI (1) =PSI(I))/CALLM) 15680740
YP(MEES)=Y(1) 15620750
ZP(MNPPY=Z7(1) 15680740
10 J=J+1 15482770
X(Jy=X(1) 1568078 A
Y(J)=Y(1]) 156807an
2{J)y=2(1)
306 COMNTINUS
NP =J N
IF (NPPY 4024340244000
40C DD 401 I=1,.MpD
NP=NP+]
XINPY=XP (1)
TINPY=YR (1)
2(MPY=ZP (1)
401 CONTINUE
LG22 NO =D
11 J=NP
NOB=KNE(ID}
IF {(M75)Y 13,13,¢4
4 DO 308 1=1,N98
Mo2=J
J=2 15677087
DO 232 Jz=1,.mMp 15680070
THETA=(BA(IP,I)*X(JG)<<2+SB(IPsI)*Y(JQ)**2+EC(IP,I)*Z(JQ)**Z 15680280
1 +5J(1P;I)+2.0*((ED(IP,I)*Y(JQ)+¥&(IP,Z)*Z(JD)+SG(I:>I))*X(JQ) 5
2 +(EF(IP’I)%Z(JG)+EW(ID,I))*Y(JG?*BI(ID;I)‘Z(JQ)))*QHSI(Iﬁgl)
IF (TRETA)Y 60856084320
608 GO TO (208,410) G
610 WRITL (63721 x¢
02 FCORMAT (1CZH PO
IN SURFACE 13y
GC T2 1308
320 J=U+1
X{J)y=x(JQ)
Y{J)=Y(JQ}
Z{2)y=21J)
368 CONTINUE
NP =) -
13 IF (NP) 612451245611 A o]
612 WRITE (6+%04) LTEMS . 5651140
9C4 FOKRMAT (254 NO POINTS OMN SURFACE 13 ) 15651150
611 NC=1 15621160
12 RETURN 15621170
14 I=1 158671 1R0
IL=1L+2 1565110nNn
GO TO (19a18,15916,L7)aIL 15681200
15 WRITE (65500 LTEMS 15631210
500 FORMAT (12H SA T345H= NOP 15681220
NC=4 15681230
GO TO 12 15681240
e U,
LOCKHEED C—29
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16
502

17
504

18
506

19
508

20
510

101
22
102
103
23
104
24

105

62C
622
910
108
107

109

25

26

404

1

1

1

1

1

TABLE C-~1
(CONTTINUED)

WRITE (61502)IP;IT’IpyITaISyIP

FORMAT (12 VS I392XsT354H sVP 1252Xs1346H Ks VS T13,2X,
13,108 = NOP - P )

GO T0O 20

WRITE (655061 IPs ITsIP s ITs1SsIPsISsIP,I

FORMAT (1GtH VS 13,2Xs1355H 5 VP 13,2X5135 5H Ky VS 12,2X,
I355H » VP 13,2X3I1352Xs13,14H = NOL — P - Q )

GO 10 20

WRITE (63506)1Ss 1P IPsIT,IP,1T

FORIMAT (12H VS I3s2Xs1355H » VS 13,2X5I1355H 3 VP 13,2X,
I3514H K 4 = NOP -~ P )

NC=2

GO 10 12

WRITE (655081155 1Ps! .

FORMAT (12H VP 1392X51352Xs13512H = NOP — PsQ )

NC=3

GO TO 12

IF (IH) 510,51149511

NC=6

GO 10 12

NC=

Go TO 12

CO 22 I=1,NP

PSICI)=CDUIPI*X{IV4CF (IPY*Z (1) +CH(IP)

CONTIMUE

IF (CB{IP)) 183551035105

DO 23 1=1,NP

IF (PSI(IN) 2314423

CONTIMUE

DO 24 I=1,4NE

YOI == (CALIP) ¥ X UL ) ¥¥ 24 0CUIP) X201 %% 24 CU{IP Y42, 0% (CE(IPI %X () %2 (1)
FCGUIP Y *X (D) +CICIP)Y*Z 1)) )/ {2.0%P51(]))

COoNTINLE

GO TO 11

J=90

DD 26 I=1,NP

TER=(PST{ L) *¥%2-CBUIP) X (CALIP)#X (1) #2224 CCUIPI%¥Z (1 )2 x2+CH(IP)+D2.0%
(CECIPI*XOIIRZ0II4CGUIPI XTIy 4CILIPI*2(1)))

IF (TERY 62C,1G7,173

GO TO (265622)sNFLAG

WRITE (6s912)X(1)2(1)4LTF™S

FORMAT {10+  POINT X=E2048+,2X32H2=T720.8,20H I35 NZT OM SUPEACE 13)
GO To 25

PHI(I)=SCRT(TER)

GO TO 109

YOIY==PST(IY 720 1IP)

GO TC 25

Y(I)‘(PHT(I)—PDI(I))/(W(IP

NPP=MNDPD ]

XP (NPP) =X (1)
YP(NPP)=(=PHI(1)=PSI(1))/C3(1P)
ZP(NPP)=Z (1)

J=J+1

X(J1=x(1)

Y(Jy=y(l)

20 =201

CONTINUE

NP=J

IF (NDP) 406,476,404

DO 405 1=1,nPP

NP=NP+1

15681250
15681260
15681270
15681200
15681290
15681300

15681310
15681320
15681330
15681340
15681350
15681360
15681370
15681380
19681390
15681400
15681410
15681420
15681430
15681440
15681450
15A814LAN
15621470
15681480
15681400
15681500
1568151n
15621520
15681530
1568154

18621550
15681560
15681570
15681580
15681590
15681600
15681610
15681620
153(01,’)'2f
158681420
15681650
165918 n
15681
15681€3
15681675
15681700C
5681710
156861720
15€R1730
18621747
15681750
15681760
15£31770
15681780
15631790
15681800
15681810
159681982n
15681830
156R184n
156818590
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400
412

TARLE C-1

(ConnTrmn)

X(MP)=XD (1} 1568184
YINPI=YP(]) 1“53157ﬁ
7('7“)'70(1) ]Cf‘o]fbr\,
Y lfg"'l'z",f‘
15651900
186210710
s 1P 15481920
CIP)#XCI)+CFUIP)#Y ([ J4CT(1D) 15681930

CONTINVE 15681240
[F (CCiIo))y 205,202,205 ’ . 1,6°IQ’"
DO 32 I=1,pn0 15868106n
IF (PST(I))Y 22,14,32 15681075
CONTINUE 1‘3‘?‘1@””

DO 34 I=1,Mp
Z(I)-—(CA(1P)’X(I)**Z+CL(IP)*V(I)‘*2+CJ(ID)+Z CHRLCDOIP)*X (T )%y (D)
1 +CG(IP)I*¥X(1: FCHUIPISY LI IV /(205751 (1))
CONTINUG

GO TO 112

J=0

DO A6 T=1,480

TER=(P51(I)‘*Z~CC(ID)*(CA(IP)4X(I}**Z*C?(ID)*Y(I)*‘?+CJ(IP)+?.:< 158 20
1 (CD(ED)*X(I)¥Y(I)‘CG(IP)XX(I)*CH(IFJNY(I)})) . . ’ 15622C70
IF (Te2) 637,207,202 : 1868080
GO TO {284822),N7LAG 15682092
WRITE (69520)X01)sY(1),LTENS 15682120
FORMAT (1CH POINT X=E204852Xs2HY=C2045,20H 1S NOT ON SURFACE 13115482110
GO 1O 3% 15682120
PHILI)=SQ2T(TER) 15622130
GO To 209 15652140
ZO1)==PST (1) /CClID) 15622150
GO 1D 35 15682160
ZUTI={PHTILI) DS /0CI TR lﬂ‘°?17n
y\‘ln_f')—_l'h[ﬁ_“l lrrc 18N
XPINDR)=X(1) 1562217¢
[RP2Y=Y (1) l1a3sa2znn
ZEINPD Y= (~DUT ([ =DST () ) /20 (IP)
J=J+1
X(J)‘V(I)
2 ( y)—7(T\
CCMNTINLE
NP=J

IF (MPDP) 212,412,477
DD 479 I=1,MDD
MP=ND4Y

X(MP)y=XP (1)
Y(upyuvelT)

Z(upy=29(1) 1265223
CoNTINUE 15672340
NP=U

co To 11 :
FND 15682370

$IBFTIC FTEST LISTSREFSDECK M94 4 XR

SURAUITINE FTecT 1%68n02n0
DIMENSION CALI0 1-C2(10 10015 120012 )9 CECIC )sCF (1D Y5 CGLL10 ) y15568020720
1 CHUI0 1-T1010 1-CUt10 1,8A010D 361592010 55153010 261580010 561y 15680042
2 BE(1I0 +6)5BFL1Y 558510 YA RH(LIC 96),RI(10 3519810 457, 1568005¢C
3 X(875)sY(8B75),2(875) X2 (87 S1,YP(875),2P(275) ,DLp (875) DM (875), 15580060
4 DNP(ETSYSLLIIC e NB(10 ),sD PSSTI10 ) .RLIMI(1G Ye2LIM2(12 ), 15680070
5 QLIM3(IC 1sQLIMALIA J4CRIDS(]A 1oDRST10 46) 15¢E0080
DIMENSION DKP{375)sDL 875 ) 4Dt 1(3/5),5\'2(875)sDK(875)’PHI(875)9 156585090

CALIMORNA Comban




AT X=EZ0+8+92Xs2HY=E20.8,

r TARLM C-1
(comvTnuzEn)
1 PSI(875)sMIS(1015T(875),U(875),VI875)sQ0(875),
COMMON /ECCM/  CAs (R, ccC s CD s CE ’
1 ) [«¢) s CH s CI y CJ s BA [}
2 ’ BC s 80 s EE s BF s BG s
3 ’ BI sy BY s X s Y s 2 ’
4 s YP s 2P s DLP s DVP sy DNP )
5 s KNG s DSSI s GLIMI 3 QLIM2 5 QUIM3
6 s GRIDS 5 DESI s DxP y DL s DM )
7 s A1 4 s PHI s PSI s MIS s T s
8 s \ s 0Q s VPST s NGO s NDO ’
9 s 1P s IL s IH s IT s 1S s
1 ’ NLD s TU” s NFT s MSIGMA 4 NPP s
2 s A s B s C s D s F ’
3 s G s H s Q1 y QJ s RIGHT
4 s DEL?Z s DELIP 5 DEL2P 4 MBDD ’
NFT=NFT
IF (NP) 2,244
2 NLD=6
GO To 15
4 GO TO (13651014271 )4NFT
1 J=0
DO 12 T=1,NP ‘
IF (DL(T)) 2511,10
11 VIRITE (65402 LTENSX(1)sY(I)s201)
GO T0 12
10 J=J+1
X{Jr=x(1)
Y(Jy=y(I)
Z(Jy=72(1)
DLIUY=DL (D)
(1
M1
12 COrTINUE
NP=J
NLD=3
15 RITURN
6 WRITE (6000}
400 FORMAT (624 NFT EQUALS TwO WHICH SHOULUL NOT &
1PEVISED )
402 FCRMAT (11H SURFACE 13,19+ IS VERTICAL
1 2X+2H72=E20.8 )
CALL EXIT
STop
101 J=C
DO 14 1=1,4MP
IF (DM{I)) 118,13,11¢C
13 WRITE (654C20LTEMSS X1 Y1) 97 (1)
GO TO 14
110 J=J41
X{J)y=x{(1)
Y(dr=v(1])
2(Jy=2(1)
DL(UY=DL(D)
D) =D T)
DN(JI=DNI(I)
14 CONTINUE
NP=J
NLD=4
GO TO 15
2C1  J=0
DO 202 I=1,NP

VPSTI(875)

crF
s

Bt

DELY

SEOUNTIL PROGRAM

NVP s NOTS s NAREAZLTEMS

15

15680100
15680120

SE80140
15680150
15680160
15680170
15680180
15680190
15680200
15680210
15680220
15680220
15680240
1s68n2tn
18620250

15680410,

15680420
15680420
196380440
15680450
15630660
18680670
15680480
156804950
15680500
15680510
15680520
15680530
1568n54n
15680550
15680560
12680570
1568058n
15680590
15680600
15680610
15680620
12620637
VEAKNALN
19620650
15680663
15680470
17620680
15680690
12620700
15680710
15660729
18630720
15620740
159680750
15680760
15630770
156307¢0
1880an7an
15680800
15680n81n
15680820

15680230

15690840
1568035n
15680860

LOCKHEED
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TARLE C-1
(CONPTNU=D)

I[F (DN(I)) 21n,203,210 15680570
203 WRITE (6402 )LTEMSSX{T)sY(1)sZ(1) 156£0EE0C
GO To 202 15680850
210 J=J+1 156209200
X{J)y=x(1) 15580910
Y(Jr=v(1) 15680920
Z(y)y=2(1) 15680630
DL(J) DL{T) 15680040
M(J)=DM(T) : 15680950
DN(J)=DP (n 15680060
202 CONTINUE : 15680970
NO= 15680980
NLD=5 15680990
GO TO 15 15681C00
END . ‘ : 15621010
SIBFTC MTFST LISTEEF S NECK 4MO4 4, X07

SUBROUTINE MTEST 15530020
DIMENSTION ;:10 VeCRL1I0 )1 CCHI0 1530010 YR 15630037
1 CHO10 )5 CIC10 N sCIL0 IsPALI0 56)5DE(10 56, 156800470
2 BEL1C »0)sBF 10 581450010 Pt L1 5501 e8 101 15680050
3 X(875)sY (878 ) sZ{ET5) s XPULETLYAYFI{ETT) 4 7P(RTS) 126820460
4 DNPCR27S)sLL 10 ) sXHA1I2 150551010 140110 15680570
5 QUIMBIIG JaCLIMACI0 JLGRIDS(IN J DI ey 156335085
DIMENSICN DXPIETS) sDLIBTS) sLMIST5) s DNIBTE) s DK (ET5) o PHILETE) s 15680050
1 PSI(B75)+sMIS(10)sT(875)sU(8BT5)sVISTE}sQQIST5) VPST (875) 15630100
COMMON /ECOM/ CAs (B, cc » CD s CE s CF 15680130
1 s G > CH » CI s CJ s BA s OB 15680160
2 s BC s BD s BE s RF s DG » B 15680150
3 ’ Bl s B s X s Y s 2 » XF 15686160
4 s Y s 2P s DLP s DVD s Dnp s Lt 15650170
5 s KNS s BSS s QLIMY 5 0OLIV2 -y QLIMZ o nLIY4 15650167
13 ’ GRICS » E£8SI y DXP s DL s DM s DN 1548019¢
7 s DK s PHI s DS s YIS s T s U 15680269
8 s v » Q0 s VOST v NGO s NDO s NP 15685212
9 s 1P » IL P s IT s 15 s NG 13680?20
1 s NLD s 1U s NFT s NSIGNMA » NPP y KD 30
2 ’ A s B s C s D s E s F ¢
3 , G » H s Q1 » QU s RIGHT , nr( 5 0

4 ’ DEL? s DELIP 5 DFL2P 4, 500D s RVPLNLIS N T DA, LTENS

KP=kn

GAMMAZAXX(KP )X ¥24B¥Y (KP ) ¥ P4 CHZ (KP) # 224004 240% ({DEY(LP) 4027 (KP4
T GIXX(EP 4R (UD) 45 4V (R} 0127 (¥D))

BETI=AXX (D) 4DRY (KF 1 +T22 (K7 )+C

BET2=8*Y (KP)+D*X(KO)+F*Z (XP )+ H

BET3=CHZIKPI4EXX (KR 452y (D) +0]

DY 24 J=1,800

ALDHA= (AR T ()42, 05 (DXU L)+ I )2 TO0 4 (EXU(I) 424 08FaV{I) #L () 15657400
1+ CxV{dyuw2 156204<n
PETHA=CIT 1% TOI +HET2XU (09 20T 0 v () 15€80500

IF (ALDVAY 7,57 15620517

5 THETAD=-1,0 15680320
THETACS-GAMMA/ (2 OXEETHA) 15680539

60 T0 13 15830080

7 TEST=PETHAYS? AL DHAXCAMMA 1568coty
IF (TEST) 8,0,11 15680560

8 Go TO 24 : 15680570
9 THETAD= =140 15629580
THETAC=-R2ETHA/ALFHA : 15680550

GO 10 13 15680600

11 THETAC=(-RETHA+SQRTISETHAR ¥ 2-ALPHAXCAVMVA) ) ZALPH 15680610
12 THETAD= (~BETHA=SORT (BE THA % 2-AL PHAXGAY AL} 7 AL PHA 15680620

LOCKHEED C-33
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(ComPINuED)
13 IF (THETAC) 18,18,10 15680630
10 IF (THETAC-1.0) 14,518,128 : 15680640
14 XC=X{«P)+THTTACX TtW) ; 1568065¢C
YC=Y(KP)+THETAC* U(J) 15680660
2C=2(KP)+THETACX VI{J) 156800670
17 NN=NSTGMA 15680680
IF (NBDD) 2652643 15680650
3 ‘DO 30 I=1,NEBDOD 15680700

VAL=(BA(NN’I)*XC**Z+BB(NN;I)*;C%*2+8C(NN91)*ZC**Z+EJ(NN;I)+2.0* 15680710
1 ((BD(NNs I)*YC+BE(NNs 1) *#ZC+BGINN ) ) #¥XCHIBF (NN ) ¥ZCHBHINNST) ) * 15680720

2 YCHBTI(NNs D) #ZCHI I *DBST(NNLT) 15680730

IF (VAL) 30,3C,25 15680740

30 COMTINUE 15680750
18 IF (THETAD) 24424515 15680760
15 IF (THETAD=1.0) 194924524 15680770
19 XD=X{KP)Y+THETAD* T(J} 156280780
YO=Y(KP)+THETAND® U1} 15680790
Z0=Z(KP)+THETADX VIJ) 15680800

22 NN=NSTGMA . 15620810
IF (NRDD) 2642694 15680820

4 DO 34 I=1+H20DD 15680822
VAL={BANNs 1) #XD#¥2+EB (NN I ) XVD¥ X 2+BC (NN 1) RZDH #2480 (NN 1)1 +240% 156808470

1 ((EBDINN IYRYD+FRFINNSTYRZD4 G NN s T Y YYD (AF (NAM Ty #2048 (NN, TY ) 1568095¢C
2 YD+BI{INNSII#ZD)II2DPET(MNST) 1580860
IF (VAL) 24,724,264 15630870
34 COMTINUE 15650880
GO TO 24 1568ngan
26 QQ(JY=C.0 15680900
24 CONTINUE . 15680910
RETURM 15680920
END : 15680930

1251

nnlzesl

C-3h




